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Functions of the Skeletal System 
By the end of this section, you will be able to: 


¢ Define bone, cartilage, and the skeletal system 
e List and describe the functions of the skeletal system 


Bone, or osseous tissue, is a hard, dense connective tissue that forms most 
of the adult skeleton, the support structure of the body. In the areas of the 
skeleton where bones move (for example, the ribcage and joints), cartilage, 
a semi-rigid form of connective tissue, provides flexibility and smooth 
surfaces for movement. The skeletal system is the body system composed 
of bones and cartilage and performs the following critical functions for the 
human body: 


e supports the body 

e facilitates movement 

¢ protects internal organs 

e produces blood cells 

e stores and releases minerals and fat 


Support, Movement, and Protection 


The most apparent functions of the skeletal system are the gross functions 
—those visible by observation. Simply by looking at a person, you can see 
how the bones support, facilitate movement, and protect the human body. 


Just as the steel beams of a building provide a scaffold to support its weight, 
the bones and cartilage of your skeletal system compose the scaffold that 
supports the rest of your body. Without the skeletal system, you would be a 
limp mass of organs, muscle, and skin. 


Bones also facilitate movement by serving as points of attachment for your 
muscles. While some bones only serve as a support for the muscles, others 
also transmit the forces produced when your muscles contract. From a 
mechanical point of view, bones act as levers and joints serve as fulcrums 
({link]). Unless a muscle spans a joint and contracts, a bone is not going to 


move. For information on the interaction of the skeletal and muscular 
systems, that is, the musculoskeletal system, seek additional content. 


Bones also protect internal organs from injury by covering or surrounding 
them. For example, your ribs protect your lungs and heart, the bones of 
your vertebral column (spine) protect your spinal cord, and the bones of 
your cranium (skull) protect your brain ({link]). 


Note: 


Career Connection 

Orthopedist 

An orthopedist is a doctor who specializes in diagnosing and treating 
disorders and injuries related to the musculoskeletal system. Some 
orthopedic problems can be treated with medications, exercises, braces, 
and other devices, but others may be best treated with surgery ((Link]). 
Arm Brace 


An orthopedist will sometimes prescribe 
the use of a brace that reinforces the 
underlying bone structure it is being used 
to support. (credit: Juhan Sonin) 


While the origin of the word “orthopedics” (ortho- = “straight”; paed- = 
“child”), literally means “straightening of the child,” orthopedists can have 
patients who range from pediatric to geriatric. In recent years, orthopedists 
have even performed prenatal surgery to correct spina bifida, a congenital 
defect in which the neural canal in the spine of the fetus fails to close 
completely during embryologic development. 

Orthopedists commonly treat bone and joint injuries but they also treat 
other bone conditions including curvature of the spine. Lateral curvatures 
(scoliosis) can be severe enough to slip under the shoulder blade (scapula) 
forcing it up as a hump. Spinal curvatures can also be excessive 
dorsoventrally (kyphosis) causing a hunch back and thoracic compression. 
These curvatures often appear in preteens as the result of poor posture, 
abnormal growth, or indeterminate causes. Mostly, they are readily treated 
by orthopedists. As people age, accumulated spinal column injuries and 
diseases like osteoporosis can also lead to curvatures of the spine, hence 
the stooping you sometimes see in the elderly. 

Some orthopedists sub-specialize in sports medicine, which addresses both 
simple injuries, such as a sprained ankle, and complex injuries, such as a 
torn rotator cuff in the shoulder. Treatment can range from exercise to 
surgery. 


Chapter Review 


The major functions of the bones are body support, facilitation of 
movement, protection of internal organs, storage of minerals and fat, and 
hematopoiesis. Together, the muscular system and skeletal system are 
known as the musculoskeletal system. 


Review Questions 


Exercise: 


Problem: 


Which function of the skeletal system would be especially important if 
you were in a car accident? 


a. storage of minerals 

b. protection of internal organs 
c. facilitation of movement 

d. fat storage 


Solution: 
B 
Exercise: 
Problem:Bone tissue can be described as 


a. dead calcified tissue 

b. cartilage 

c. the skeletal system 

d. dense, hard connective tissue 


Solution: 


D 


Critical Thinking Questions 


Exercise: 


Problem: 


The skeletal system is composed of bone and cartilage and has many 
functions. Choose three of these functions and discuss what features of 
the skeletal system allow it to accomplish these functions. 


Solution: 


It supports the body. The rigid, yet flexible skeleton acts as a 
framework to support the other organs of the body. 


It facilitates movement. The movable joints allow the skeleton to 
change shape and positions; that is, move. 


It protects internal organs. Parts of the skeleton enclose or partly 
enclose various organs of the body including our brain, ears, heart, and 
lungs. Any trauma to these organs has to be mediated through the 
skeletal system. 


It produces blood cells. The central cavity of long bones is filled with 
marrow. The red marrow is responsible for forming red and white 
blood cells. 


It stores and releases minerals and fat. The mineral component of 
bone, in addition to providing hardness to bone, provides a mineral 
reservoir that can be tapped as needed. Additionally, the yellow 
marrow, which is found in the central cavity of long bones along with 
red marrow, serves as a Storage site for fat. 


Glossary 


bone 
hard, dense connective tissue that forms the structural elements of the 
skeleton 


cartilage 
semi-rigid connective tissue found on the skeleton in areas where 
flexibility and smooth surfaces support movement 


hematopoiesis 
production of blood cells, which occurs in the red marrow of the bones 


orthopedist 
doctor who specializes in diagnosing and treating musculoskeletal 


disorders and injuries 


osseous tissue 


bone tissue; a hard, dense connective tissue that forms the structural 
elements of the skeleton 


red marrow 
connective tissue in the interior cavity of a bone where hematopoiesis 
takes place 


skeletal system 
organ system composed of bones and cartilage that provides for 
movement, support, and protection 


yellow marrow 
connective tissue in the interior cavity of a bone where fat is stored 


Bone Classification 
By the end of this section, you will be able to: 


¢ Classify bones according to their shapes 
e Describe the function of each category of bones 


The 206 bones that compose the adult skeleton are divided into five 
categories based on their shapes ((link]). Their shapes and their functions 
are related such that each categorical shape of bone has a distinct function. 
Classifications of Bones 
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Bones are classified according to their shape. 


Long Bones 


A long bone is one that is cylindrical in shape, being longer than it is wide. 
Keep in mind, however, that the term describes the shape of a bone, not its 
size. Long bones are found in the arms (humerus, ulna, radius) and legs 
(femur, tibia, fibula), as well as in the fingers (metacarpals, phalanges) and 
toes (metatarsals, phalanges). Long bones function as levers; they move 
when muscles contract. 


Short Bones 


A short bone is one that is cube-like in shape, being approximately equal in 
length, width, and thickness. The only short bones in the human skeleton 
are in the carpals of the wrists and the tarsals of the ankles. Short bones 
provide stability and support as well as some limited motion. 


Flat Bones 


The term “flat bone” is somewhat of a misnomer because, although a flat 
bone is typically thin, it is also often curved. Examples include the cranial 
(skull) bones, the scapulae (shoulder blades), the sternum (breastbone), and 
the ribs. Flat bones serve as points of attachment for muscles and often 
protect internal organs. 


Irregular Bones 


An irregular bone is one that does not have any easily characterized shape 
and therefore does not fit any other classification. These bones tend to have 
more complex shapes, like the vertebrae that support the spinal cord and 
protect it from compressive forces. Many facial bones, particularly the ones 
containing sinuses, are classified as irregular bones. 


Sesamoid Bones 


A sesamoid bone is a small, round bone that, as the name suggests, is 
shaped like a sesame seed. These bones form in tendons (the sheaths of 
tissue that connect bones to muscles) where a great deal of pressure is 
generated in a joint. The sesamoid bones protect tendons by helping them 


overcome compressive forces. Sesamoid bones vary in number and 
placement from person to person but are typically found in tendons 
associated with the feet, hands, and knees. The patellae (singular = patella) 
are the only sesamoid bones found in common with every person. [link] 
reviews bone classifications with their associated features, functions, and 


examples. 


Bone Classifications 


Bone 


classification 


Long 


Short 


Features 


Cylinder-like 
shape, longer 
than it is wide 


Cube-like 
shape, 
approximately 
equal in 
length, width, 
and thickness 


Function(s) 


Leverage 


Provide 
stability, 
support, 
while 
allowing for 
some 
motion 


Examples 


Femur, tibia, 
fibula, 
metatarsals, 
humerus, 
ulna, radius, 
metacarpals, 
phalanges 


Carpals, 
tarsals 


Bone Classifications 


Bone 
classification Features Function(s) Examples 
Points of 
attachment Sternum, 
Flat Thin and for muscles; ribs, 
curved protectors scapulae, 
of internal cranial bones 
organs 
Pr 
Complex — Vertebrae, 
Irregular internal 
shape facial bones 
organs 
Pr 
Small and oe 
fount: tendons 
i : : from Patell 
Sesamoid anbeddedan 0) atellae 
compressive 
tendons 
forces 
Chapter Review 


Bones can be classified according to their shapes. Long bones, such as the 
femur, are longer than they are wide. Short bones, such as the carpals, are 
approximately equal in length, width, and thickness. Flat bones are thin, but 
are often curved, such as the ribs. Irregular bones such as those of the face 
have no characteristic shape. Sesamoid bones, such as the patellae, are 
small and round, and are located in tendons. 


Review Questions 


Exercise: 


Problem: 


Most of the bones of the arms and hands are long bones; however, the 
bones in the wrist are categorized as 


a. flat bones 

b. short bones 

c. sesamoid bones 
d. irregular bones 


Solution: 


B 


Exercise: 


Problem:Sesamoid bones are found embedded in 


a. joints 

b. muscles 
c. ligaments 
d. tendons 


Solution: 


D 
Exercise: 


Problem: 
Bones that surround the spinal cord are classified as bones. 


a. irregular 
b. sesamoid 
c. flat 

d. short 


Solution: 


A 
Exercise: 


Problem: 


Which category of bone is among the most numerous in the skeleton? 
a. long bone 
b. sesamoid bone 


c. short bone 
d. flat bone 


Solution: 


A 


Exercise: 


Problem:Long bones enable body movement by acting as a 
a. counterweight 
b. resistive force 
c. lever 
d. fulcrum 


Solution: 


GC 


Critical Thinking Questions 


Exercise: 


Problem: 


What are the structural and functional differences between a tarsal and 
a metatarsal? 


Solution: 


Structurally, a tarsal is a short bone, meaning its length, width, and 
thickness are about equal, while a metatarsal is a long bone whose 
length is greater than its width. Functionally, the tarsal provides 
limited motion, while the metatarsal acts as a lever. 


Exercise: 
Problem: 


What are the structural and functional differences between the femur 
and the patella? 


Solution: 


Structurally, the femur is a long bone, meaning its length is greater 
than its width, while the patella, a sesamoid bone, is small and round. 
Functionally, the femur acts as a lever, while the patella protects the 
patellar tendon from compressive forces. 


Glossary 


flat bone 
thin and curved bone; serves as a point of attachment for muscles and 
protects internal organs 


irregular bone 
bone of complex shape; protects internal organs from compressive 
forces 


long bone 
cylinder-shaped bone that is longer than it is wide; functions as a lever 


sesamoid bone 
small, round bone embedded in a tendon; protects the tendon from 
compressive forces 


short bone 
cube-shaped bone that is approximately equal in length, width, and 
thickness; provides limited motion 


Bone Structure 
By the end of this section, you will be able to: 


e Identify the anatomical features of a bone 

¢ Define and list examples of bone markings 

¢ Describe the histology of bone tissue 

e Compare and contrast compact and spongy bone 

e Identify the structures that compose compact and spongy bone 
e Describe how bones are nourished and innervated 


Bone tissue (osseous tissue) differs greatly from other tissues in the body. 
Bone is hard and many of its functions depend on that characteristic 
hardness. Later discussions in this chapter will show that bone is also 
dynamic in that its shape adjusts to accommodate stresses. This section will 
examine the gross anatomy of bone first and then move on to its histology. 


Gross Anatomy of Bone 


The structure of a long bone allows for the best visualization of all of the 
parts of a bone ([link]). A long bone has two parts: the diaphysis and the 
epiphysis. The diaphysis is the tubular shaft that runs between the proximal 
and distal ends of the bone. The hollow region in the diaphysis is called the 
medullary cavity, which is filled with yellow marrow. The walls of the 
diaphysis are composed of dense and hard compact bone. 

Anatomy of a Long Bone 
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A typical long bone shows the 
gross anatomical characteristics of 
bone. 


The wider section at each end of the bone is called the epiphysis (plural = 
epiphyses), which is filled with spongy bone. Red marrow fills the spaces in 
the spongy bone. Each epiphysis meets the diaphysis at the metaphysis, the 
narrow area that contains the epiphyseal plate (growth plate), a layer of 
hyaline (transparent) cartilage in a growing bone. When the bone stops 
growing in early adulthood (approximately 18-21 years), the cartilage is 


replaced by osseous tissue and the epiphyseal plate becomes an epiphyseal 
line. 


The medullary cavity has a delicate membranous lining called the 
endosteum (end- = “inside”; oste- = “bone”), where bone growth, repair, 
and remodeling occur. The outer surface of the bone is covered with a 
fibrous membrane called the periosteum (peri- = “around” or 
“surrounding”). The periosteum contains blood vessels, nerves, and 
lymphatic vessels that nourish compact bone. Tendons and ligaments also 
attach to bones at the periosteum. The periosteum covers the entire outer 
surface except where the epiphyses meet other bones to form joints ([link]). 
In this region, the epiphyses are covered with articular cartilage, a thin 
layer of cartilage that reduces friction and acts as a shock absorber. 
Periosteum and Endosteum 
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The periosteum forms the outer surface of bone, and 
the endosteum lines the medullary cavity. 


Flat bones, like those of the cranium, consist of a layer of diploé (spongy 
bone), lined on either side by a layer of compact bone ([link]). The two 
layers of compact bone and the interior spongy bone work together to 
protect the internal organs. If the outer layer of a cranial bone fractures, the 
brain is still protected by the intact inner layer. 

Anatomy of a Flat Bone 
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This cross-section of a flat bone shows the 
spongy bone (diploé) lined on either side by a 
layer of compact bone. 


Bone Markings 


The surface features of bones vary considerably, depending on the function 
and location in the body. [link] describes the bone markings, which are 
illustrated in ([link]). There are three general classes of bone markings: (1) 
articulations, (2) projections, and (3) holes. As the name implies, an 
articulation is where two bone surfaces come together (articulus = “joint”). 
These surfaces tend to conform to one another, such as one being rounded 
and the other cupped, to facilitate the function of the articulation. A 
projection is an area of a bone that projects above the surface of the bone. 
These are the attachment points for tendons and ligaments. In general, their 
size and shape is an indication of the forces exerted through the attachment 
to the bone. A hole is an opening or groove in the bone that allows blood 
vessels and nerves to enter the bone. As with the other markings, their size 
and shape reflect the size of the vessels and nerves that penetrate the bone 
at these points. 


Bone Markings 


Marking 


Articulations 


Head 
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Condyle 


Projections 


Protuberance 


Process 
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Tuberosity 


Description 


Where two 
bones meet 


Prominent 
rounded 
surface 
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Rounded 
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Knee joint 


Head of femur 


Vertebrae 


Occipital condyles 


Spinous process of the vertebrae 


Chin 


Transverse process of vertebra 


Ischial spine 


Tubercle of humerus 


Deltoid tuberosity 


Bone Markings 


Marking 


Line 


Crest 


Holes 


Fossa 


Fovea 


Sulcus 


Canal 


Fissure 


Foramen 


Meatus 


Description 
Slight, 
elongated 
ridge 

Ridge 


Holes and 
depressions 


Elongated 
basin 


Small pit 


Groove 


Passage in 
bone 


Slit through 
bone 


Hole 
through 
bone 


Opening 
into canal 


Example 


Temporal lines of the parietal 
bones 


Iliac crest 


Foramen (holes through which 
blood vessels can pass through) 


Mandibular fossa 


Fovea capitis on the head of the 
femur 


Sigmoid sulcus of the temporal 
bones 


Auditory canal 


Auricular fissure 


Foramen magnum in the 
occipital bone 


External auditory meatus 


Bone Markings 


Marking Description Example 
Air-filled 

Sinus space in Nasal sinus 
bone 


Bone Features 


Examples of processes formed where Examples of an elevation or depression 
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Tuberosity 


Pelvis 


Fossa 


Humerus Examples of openings 


Tubercle Condyle 
Facet 


Foramen 


Condyles 


Examples of processes formed to Canal , \ \ Fissure 
articulate with adjacent bones \ \ 


Protuberance 


Skull 


The surface features of bones depend on their function, 
location, attachment of ligaments and tendons, or the 
penetration of blood vessels and nerves. 


Bone Cells and Tissue 


Bone contains a relatively small number of cells entrenched in a matrix of 
collagen fibers that provide a surface for inorganic salt crystals to adhere. 
These salt crystals form when calcium phosphate and calcium carbonate 
combine to create hydroxyapatite, which incorporates other inorganic salts 
like magnesium hydroxide, fluoride, and sulfate as it crystallizes, or 
calcifies, on the collagen fibers. The hydroxyapatite crystals give bones 
their hardness and strength, while the collagen fibers give them flexibility 
so that they are not brittle. 


Although bone cells compose a small amount of the bone volume, they are 
crucial to the function of bones. Four types of cells are found within bone 
tissue: osteoblasts, osteocytes, osteogenic cells, and osteoclasts ([link]). 
Bone Cells 
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Four types of cells are found within bone 
tissue. Osteogenic cells are undifferentiated 
and develop into osteoblasts. When 
osteoblasts get trapped within the calcified 
matrix, their structure and function changes, 
and they become osteocytes. Osteoclasts 


develop from monocytes and macrophages 
and differ in appearance from other bone 
cells. 


The osteoblast is the bone cell responsible for forming new bone and is 
found in the growing portions of bone, including the periosteum and 
endosteum. Osteoblasts, which do not divide, synthesize and secrete the 
collagen matrix and calcium salts. As the secreted matrix surrounding the 
osteoblast calcifies, the osteoblast become trapped within it; as a result, it 
changes in structure and becomes an osteocyte, the primary cell of mature 
bone and the most common type of bone cell. Each osteocyte is located in a 
space called a lacuna and is surrounded by bone tissue. Osteocytes 
maintain the mineral concentration of the matrix via the secretion of 
enzymes. Like osteoblasts, osteocytes lack mitotic activity. They can 
communicate with each other and receive nutrients via long cytoplasmic 
processes that extend through canaliculi (singular = canaliculus), channels 
within the bone matrix. 


If osteoblasts and osteocytes are incapable of mitosis, then how are they 
replenished when old ones die? The answer lies in the properties of a third 
category of bone cells—the osteogenic cell. These osteogenic cells are 
undifferentiated with high mitotic activity and they are the only bone cells 
that divide. Immature osteogenic cells are found in the deep layers of the 
periosteum and the marrow. They differentiate and develop into osteoblasts. 


The dynamic nature of bone means that new tissue is constantly formed, 
and old, injured, or unnecessary bone is dissolved for repair or for calcium 
release. The cell responsible for bone resorption, or breakdown, is the 
osteoclast. They are found on bone surfaces, are multinucleated, and 
originate from monocytes and macrophages, two types of white blood cells, 
not from osteogenic cells. Osteoclasts are continually breaking down old 
bone while osteoblasts are continually forming new bone. The ongoing 
balance between osteoblasts and osteoclasts is responsible for the constant 
but subtle reshaping of bone. [link] reviews the bone cells, their functions, 
and locations. 


Bone Cells 


Cell type Function 
Osteogenic Develop into 
cells osteoblasts 
Osteoblasts Bone formation 
Maintain mineral 
Osteocytes concentration of 
matrix 
Osteoclasts Bone resorption 
Compact and Spongy Bone 


Location 


Deep layers of the 
periosteum and the marrow 


Growing portions of bone, 
including periosteum and 
endosteum 


Entrapped in matrix 


Bone surfaces and at sites of 
old, injured, or unneeded 
bone 


The differences between compact and spongy bone are best explored via 
their histology. Most bones contain compact and spongy osseous tissue, but 
their distribution and concentration vary based on the bone’s overall 
function. Compact bone is dense so that it can withstand compressive 
forces, while spongy (cancellous) bone has open spaces and supports shifts 
in weight distribution. 


Compact Bone 


Compact bone is the denser, stronger of the two types of bone tissue 
({link]). It can be found under the periosteum and in the diaphyses of long 
bones, where it provides support and protection. 

Diagram of Compact Bone 


(a) This cross-sectional view of compact bone shows the basic 
structural unit, the osteon. (b) In this micrograph of the osteon, you can 
clearly see the concentric lamellae and central canals. LM x 40. 
(Micrograph provided by the Regents of University of Michigan 
Medical School © 2012) 
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The microscopic structural unit of compact bone is called an osteon, or 
Haversian system. Each osteon is composed of concentric rings of calcified 
matrix called lamellae (singular = lamella). Running down the center of 
each osteon is the central canal, or Haversian canal, which contains blood 
vessels, nerves, and lymphatic vessels. These vessels and nerves branch off 


at right angles through a perforating canal, also known as Volkmann’s 
canals, to extend to the periosteum and endosteum. 


The osteocytes are located inside spaces called lacunae (singular = lacuna), 
found at the borders of adjacent lamellae. As described earlier, canaliculi 
connect with the canaliculi of other lacunae and eventually with the central 
canal. This system allows nutrients to be transported to the osteocytes and 
wastes to be removed from them. 


Spongy (Cancellous) Bone 


Like compact bone, spongy bone, also known as cancellous bone, contains 
osteocytes housed in lacunae, but they are not arranged in concentric 
circles. Instead, the lacunae and osteocytes are found in a lattice-like 
network of matrix spikes called trabeculae (singular = trabecula) ([link]). 
The trabeculae may appear to be a random network, but each trabecula 
forms along lines of stress to provide strength to the bone. The spaces of the 
trabeculated network provide balance to the dense and heavy compact bone 
by making bones lighter so that muscles can move them more easily. In 
addition, the spaces in some spongy bones contain red marrow, protected by 
the trabeculae, where hematopoiesis occurs. 
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Spongy bone is composed of trabeculae that contain 
the osteocytes. Red marrow fills the spaces in some 
bones. 


Note: 

Aging and the... 

Skeletal System: Paget’s Disease 

Paget’s disease usually occurs in adults over age 40. It is a disorder of the 
bone remodeling process that begins with overactive osteoclasts. This 
means more bone is resorbed than is laid down. The osteoblasts try to 
compensate but the new bone they lay down is weak and brittle and 
therefore prone to fracture. 

While some people with Paget’s disease have no symptoms, others 
experience pain, bone fractures, and bone deformities ([link]). Bones of the 
pelvis, skull, spine, and legs are the most commonly affected. When 
occurring in the skull, Paget’s disease can cause headaches and hearing 
loss. 


Paget's Disease 


Normal Paget’s disease 


Normal leg bones are relatively 
Straight, but those affected by 
Paget’s disease are porous and 

curved. 


What causes the osteoclasts to become overactive? The answer is still 
unknown, but hereditary factors seem to play a role. Some scientists 
believe Paget’s disease is due to an as-yet-unidentified virus. 

Paget’s disease is diagnosed via imaging studies and lab tests. X-rays may 
show bone deformities or areas of bone resorption. Bone scans are also 
useful. In these studies, a dye containing a radioactive ion is injected into 
the body. Areas of bone resorption have an affinity for the ion, so they will 
light up on the scan if the ions are absorbed. In addition, blood levels of an 
enzyme called alkaline phosphatase are typically elevated in people with 
Paget’s disease. 

Bisphosphonates, drugs that decrease the activity of osteoclasts, are often 
used in the treatment of Paget’s disease. However, in a small percentage of 
cases, bisphosphonates themselves have been linked to an increased risk of 
fractures because the old bone that is left after bisphosphonates are 
administered becomes worn out and brittle. Still, most doctors feel that the 
benefits of bisphosphonates more than outweigh the risk; the medical 
professional has to weigh the benefits and risks on a case-by-case basis. 
Bisphosphonate treatment can reduce the overall risk of deformities or 
fractures, which in turn reduces the risk of surgical repair and its associated 
risks and complications. 


Blood and Nerve Supply 


The spongy bone and medullary cavity receive nourishment from arteries 
that pass through the compact bone. The arteries enter through the nutrient 
foramen (plural = foramina), small openings in the diaphysis ((link]). The 
osteocytes in spongy bone are nourished by blood vessels of the periosteum 
that penetrate spongy bone and blood that circulates in the marrow cavities. 


As the blood passes through the marrow cavities, it is collected by veins, 
which then pass out of the bone through the foramina. 


In addition to the blood vessels, nerves follow the same paths into the bone 
where they tend to concentrate in the more metabolically active regions of 
the bone. The nerves sense pain, and it appears the nerves also play roles in 
regulating blood supplies and in bone growth, hence their concentrations in 
metabolically active sites of the bone. 

Diagram of Blood and Nerve Supply to Bone 


ere Articular 
—_ ae zm) cartilage 


Epiphyseal 
artery 
and vein 


= Metaphyseal 


artery 
and vein 


Periosteum 


Compact 
bone 


Nutrient 
artery 
and vein 


Nutrient 


foramen Medullary cavity 


Metaphyseal 
artery and vein 


Metaphysis —|| 


Epiphyseal 
line 


Blood vessels and nerves 
enter the bone through the 
nutrient foramen. 


Note: 


Watch this video to see the microscopic features of a bone. 


Chapter Review 


A hollow medullary cavity filled with yellow marrow runs the length of the 
diaphysis of a long bone. The walls of the diaphysis are compact bone. The 
epiphyses, which are wider sections at each end of a long bone, are filled 
with spongy bone and red marrow. The epiphyseal plate, a layer of hyaline 
cartilage, is replaced by osseous tissue as the organ grows in length. The 
medullary cavity has a delicate membranous lining called the endosteum. 
The outer surface of bone, except in regions covered with articular 
cartilage, is covered with a fibrous membrane called the periosteum. Flat 
bones consist of two layers of compact bone surrounding a layer of spongy 
bone. Bone markings depend on the function and location of bones. 
Articulations are places where two bones meet. Projections stick out from 
the surface of the bone and provide attachment points for tendons and 
ligaments. Holes are openings or depressions in the bones. 


Bone matrix consists of collagen fibers and organic ground substance, 
primarily hydroxyapatite formed from calcium salts. Osteogenic cells 
develop into osteoblasts. Osteoblasts are cells that make new bone. They 
become osteocytes, the cells of mature bone, when they get trapped in the 
matrix. Osteoclasts engage in bone resorption. Compact bone is dense and 
composed of osteons, while spongy bone is less dense and made up of 
trabeculae. Blood vessels and nerves enter the bone through the nutrient 
foramina to nourish and innervate bones. 


Review Questions 


Exercise: 


Problem: 


Which of the following occurs in the spongy bone of the epiphysis? 


a. bone growth 

b. bone remodeling 
c. hematopoiesis 

d. shock absorption 


Solution: 


C 


Exercise: 


Problem:The diaphysis contains 


a. the metaphysis 
b. fat stores 

c. spongy bone 
d. compact bone 


Solution: 


B 
Exercise: 


Problem: 


The fibrous membrane covering the outer surface of the bone is the 


a. periosteum 
b. epiphysis 
c. endosteum 


d. diaphysis 


Solution: 


A 


Exercise: 


Problem: Which of the following are incapable of undergoing mitosis? 


a. osteoblasts and osteoclasts 
b. osteocytes and osteoclasts 
c. osteoblasts and osteocytes 
d. osteogenic cells and osteoclasts 


Solution: 


‘§ 


Exercise: 


Problem: Which cells do not originate from osteogenic cells? 


a. osteoblasts 
b. osteoclasts 
c. osteocytes 
d. osteoprogenitor cells 


Solution: 


D 


Exercise: 


Problem: 


Which of the following are found in compact bone and cancellous 
bone? 


a. Haversian systems 
b. Haversian canals 
c. lamellae 

d. lacunae 


Solution: 


C 


Exercise: 


Problem: Which of the following are only found in cancellous bone? 


a. canaliculi 

b. Volkmann’s canals 
c. trabeculae 

d. calcium salts 


Solution: 


C 
Exercise: 
Problem: 


The area of a bone where the nutrient foramen passes forms what kind 
of bone marking? 


a. a hole 
b. a facet 
c. a canal 


d. a fissure 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 


If the articular cartilage at the end of one of your long bones were to 
degenerate, what symptoms do you think you would experience? 
Why? 


Solution: 


If the articular cartilage at the end of one of your long bones were to 
deteriorate, which is actually what happens in osteoarthritis, you would 
experience joint pain at the end of that bone and limitation of motion at 
that joint because there would be no cartilage to reduce friction 
between adjacent bones and there would be no cartilage to act as a 
shock absorber. 


Exercise: 
Problem: 


In what ways is the structural makeup of compact and spongy bone 
well suited to their respective functions? 


Solution: 


The densely packed concentric rings of matrix in compact bone are 
ideal for resisting compressive forces, which is the function of 
compact bone. The open spaces of the trabeculated network of spongy 


bone allow spongy bone to support shifts in weight distribution, which 
is the function of spongy bone. 


Glossary 


articular cartilage 
thin layer of cartilage covering an epiphysis; reduces friction and acts 
as a shock absorber 


articulation 
where two bone surfaces meet 


canaliculi 
(singular = canaliculus) channels within the bone matrix that house 
one of an osteocyte’s many cytoplasmic extensions that it uses to 
communicate and receive nutrients 


central canal 
longitudinal channel in the center of each osteon; contains blood 
vessels, nerves, and lymphatic vessels; also known as the Haversian 
canal 


compact bone 
dense osseous tissue that can withstand compressive forces 


diaphysis 
tubular shaft that runs between the proximal and distal ends of a long 
bone 


diploé 
layer of spongy bone, that is sandwiched between two the layers of 


compact bone found in flat bones 


endosteum 
delicate membranous lining of a bone’s medullary cavity 


epiphyseal plate 


(also, growth plate) sheet of hyaline cartilage in the metaphysis of an 
immature bone; replaced by bone tissue as the organ grows in length 


epiphysis 
wide section at each end of a long bone; filled with spongy bone and 
red marrow 


hole 
opening or depression in a bone 


lacunae 
(singular = lacuna) spaces in a bone that house an osteocyte 


medullary cavity 
hollow region of the diaphysis; filled with yellow marrow 


nutrient foramen 
small opening in the middle of the external surface of the diaphysis, 
through which an artery enters the bone to provide nourishment 


osteoblast 
cell responsible for forming new bone 


osteoclast 
cell responsible for resorbing bone 


osteocyte 
primary cell in mature bone; responsible for maintaining the matrix 


osteogenic cell 
undifferentiated cell with high mitotic activity; the only bone cells that 
divide; they differentiate and develop into osteoblasts 


osteon 
(also, Haversian system) basic structural unit of compact bone; made 
of concentric layers of calcified matrix 


perforating canal 


(also, Volkmann’s canal) channel that branches off from the central 
canal and houses vessels and nerves that extend to the periosteum and 
endosteum 


periosteum 
fibrous membrane covering the outer surface of bone and continuous 
with ligaments 


projection 
bone markings where part of the surface sticks out above the rest of the 
surface, where tendons and ligaments attach 


spongy bone 
(also, cancellous bone) trabeculated osseous tissue that supports shifts 
in weight distribution 


trabeculae 
(singular = trabecula) spikes or sections of the lattice-like matrix in 
spongy bone 


Bone Formation and Development 
By the end of this section, you will be able to: 


e Explain the function of cartilage 

e List the steps of intramembranous ossification 

e List the steps of endochondral ossification 

e Explain the growth activity at the epiphyseal plate 

e Compare and contrast the processes of modeling and remodeling 


In the early stages of embryonic development, the embryo’s skeleton 
consists of fibrous membranes and hyaline cartilage. By the sixth or seventh 
week of embryonic life, the actual process of bone development, 
ossification (osteogenesis), begins. There are two osteogenic pathways— 
intramembranous ossification and endochondral ossification—but bone is 
the same regardless of the pathway that produces it. 


Cartilage Templates 


Bone is a replacement tissue; that is, it uses a model tissue on which to lay 
down its mineral matrix. For skeletal development, the most common 
template is cartilage. During fetal development, a framework is laid down 
that determines where bones will form. This framework is a flexible, semi- 
solid matrix produced by chondroblasts and consists of hyaluronic acid, 
chondroitin sulfate, collagen fibers, and water. As the matrix surrounds and 
isolates chondroblasts, they are called chondrocytes. Unlike most 
connective tissues, cartilage is avascular, meaning that it has no blood 
vessels supplying nutrients and removing metabolic wastes. All of these 
functions are carried on by diffusion through the matrix. This is why 
damaged cartilage does not repair itself as readily as most tissues do. 


Throughout fetal development and into childhood growth and development, 
bone forms on the cartilaginous matrix. By the time a fetus is born, most of 
the cartilage has been replaced with bone. Some additional cartilage will be 
replaced throughout childhood, and some cartilage remains in the adult 
skeleton. 


Intramembranous Ossification 


During intramembranous ossification, compact and spongy bone 
develops directly from sheets of mesenchymal (undifferentiated) connective 
tissue. The flat bones of the face, most of the cranial bones, and the 
clavicles (collarbones) are formed via intramembranous ossification. 


The process begins when mesenchymal cells in the embryonic skeleton 
gather together and begin to differentiate into specialized cells ({link]a). 
Some of these cells will differentiate into capillaries, while others will 
become osteogenic cells and then osteoblasts. Although they will ultimately 
be spread out by the formation of bone tissue, early osteoblasts appear in a 
cluster called an ossification center. 


The osteoblasts secrete osteoid, uncalcified matrix, which calcifies 
(hardens) within a few days as mineral salts are deposited on it, thereby 
entrapping the osteoblasts within. Once entrapped, the osteoblasts become 
osteocytes ([{link]b). As osteoblasts transform into osteocytes, osteogenic 
cells in the surrounding connective tissue differentiate into new osteoblasts. 


Osteoid (unmineralized bone matrix) secreted around the capillaries results 
in a trabecular matrix, while osteoblasts on the surface of the spongy bone 
become the periosteum ([link]c). The periosteum then creates a protective 
layer of compact bone superficial to the trabecular bone. The trabecular 
bone crowds nearby blood vessels, which eventually condense into red 
marrow ((link]d). 
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Intramembranous ossification follows four steps. (a) 
Mesenchymal cells group into clusters, and ossification centers 
form. (b) Secreted osteoid traps osteoblasts, which then 
become osteocytes. (c) Trabecular matrix and periosteum form. 
(d) Compact bone develops superficial to the trabecular bone, 
and crowded blood vessels condense into red marrow. 


Intramembranous ossification begins in utero during fetal development and 
continues on into adolescence. At birth, the skull and clavicles are not fully 
ossified nor are the sutures of the skull closed. This allows the skull and 
shoulders to deform during passage through the birth canal. The last bones 
to ossify via intramembranous ossification are the flat bones of the face, 
which reach their adult size at the end of the adolescent growth spurt. 


Endochondral Ossification 


In endochondral ossification, bone develops by replacing hyaline 
cartilage. Cartilage does not become bone. Instead, cartilage serves as a 
template to be completely replaced by new bone. Endochondral ossification 
takes much longer than intramembranous ossification. Bones at the base of 
the skull and long bones form via endochondral ossification. 


In a long bone, for example, at about 6 to 8 weeks after conception, some of 
the mesenchymal cells differentiate into chondrocytes (cartilage cells) that 
form the cartilaginous skeletal precursor of the bones ([link]a). Soon after, 
the perichondrium, a membrane that covers the cartilage, appears [link]b). 
Endochondral Ossification 
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Endochondral ossification follows five steps. (a) Mesenchymal cells 


differentiate into chondrocytes. (b) The cartilage model of the future 
bony skeleton and the perichondrium form. (c) Capillaries penetrate 
cartilage. Perichondrium transforms into periosteum. Periosteal collar 
develops. Primary ossification center develops. (d) Cartilage and 
chondrocytes continue to grow at ends of the bone. (e) Secondary 
ossification centers develop. (f) Cartilage remains at epiphyseal 
(growth) plate and at joint surface as articular cartilage. 


As more matrix is produced, the chondrocytes in the center of the 
cartilaginous model grow in size. As the matrix calcifies, nutrients can no 
longer reach the chondrocytes. This results in their death and the 
disintegration of the surrounding cartilage. Blood vessels invade the 
resulting spaces, not only enlarging the cavities but also carrying osteogenic 
cells with them, many of which will become osteoblasts. These enlarging 
spaces eventually combine to become the medullary cavity. 


As the cartilage grows, capillaries penetrate it. This penetration initiates the 
transformation of the perichondrium into the bone-producing periosteum. 
Here, the osteoblasts form a periosteal collar of compact bone around the 
cartilage of the diaphysis. By the second or third month of fetal life, bone 
cell development and ossification ramps up and creates the primary 
ossification center, a region deep in the periosteal collar where ossification 
begins ({link]c). 


While these deep changes are occurring, chondrocytes and cartilage 
continue to grow at the ends of the bone (the future epiphyses), which 
increases the bone’s length at the same time bone is replacing cartilage in 
the diaphyses. By the time the fetal skeleton is fully formed, cartilage only 
remains at the joint surface as articular cartilage and between the diaphysis 
and epiphysis as the epiphyseal plate, the latter of which is responsible for 
the longitudinal growth of bones. After birth, this same sequence of events 
(matrix mineralization, death of chondrocytes, invasion of blood vessels 
from the periosteum, and seeding with osteogenic cells that become 
osteoblasts) occurs in the epiphyseal regions, and each of these centers of 
activity is referred to as a secondary ossification center ((link]e). 


How Bones Grow in Length 


The epiphyseal plate is the area of growth in a long bone. It is a layer of 
hyaline cartilage where ossification occurs in immature bones. On the 
epiphyseal side of the epiphyseal plate, cartilage is formed. On the 
diaphyseal side, cartilage is ossified, and the diaphysis grows in length. The 
epiphyseal plate is composed of four zones of cells and activity ((link]). The 
reserve zone is the region closest to the epiphyseal end of the plate and 
contains small chondrocytes within the matrix. These chondrocytes do not 
participate in bone growth but secure the epiphyseal plate to the osseous 
tissue of the epiphysis. 
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The epiphyseal plate is responsible for 
longitudinal bone growth. 


The proliferative zone is the next layer toward the diaphysis and contains 
stacks of slightly larger chondrocytes. It makes new chondrocytes (via 
mitosis) to replace those that die at the diaphyseal end of the plate. 
Chondrocytes in the next layer, the zone of maturation and hypertrophy, 
are older and larger than those in the proliferative zone. The more mature 
cells are situated closer to the diaphyseal end of the plate. The longitudinal 
growth of bone is a result of cellular division in the proliferative zone and 
the maturation of cells in the zone of maturation and hypertrophy. 


Most of the chondrocytes in the zone of calcified matrix, the zone closest 
to the diaphysis, are dead because the matrix around them has calcified. 
Capillaries and osteoblasts from the diaphysis penetrate this zone, and the 
osteoblasts secrete bone tissue on the remaining calcified cartilage. Thus, 
the zone of calcified matrix connects the epiphyseal plate to the diaphysis. 
A bone grows in length when osseous tissue is added to the diaphysis. 


Bones continue to grow in length until early adulthood. The rate of growth 
is controlled by hormones, which will be discussed later. When the 
chondrocytes in the epiphyseal plate cease their proliferation and bone 
replaces the cartilage, longitudinal growth stops. All that remains of the 
epiphyseal plate is the epiphyseal line ([link]). 

Progression from Epiphyseal Plate to Epiphyseal Line 
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As a bone matures, the epiphyseal plate 
progresses to an epiphyseal line. (a) 
Epiphyseal plates are visible in a growing 
bone. (b) Epiphyseal lines are the 
remnants of epiphyseal plates in a mature 
bone. 


How Bones Grow in Diameter 


While bones are increasing in length, they are also increasing in diameter; 
growth in diameter can continue even after longitudinal growth ceases. This 
is called appositional growth. Osteoclasts resorb old bone that lines the 
medullary cavity, while osteoblasts, via intramembranous ossification, 
produce new bone tissue beneath the periosteum. The erosion of old bone 
along the medullary cavity and the deposition of new bone beneath the 
periosteum not only increase the diameter of the diaphysis but also increase 
the diameter of the medullary cavity. This process is called modeling. 


Bone Remodeling 


The process in which matrix is resorbed on one surface of a bone and 
deposited on another is known as bone modeling. Modeling primarily takes 
place during a bone’s growth. However, in adult life, bone undergoes 
remodeling, in which resorption of old or damaged bone takes place on the 
same surface where osteoblasts lay new bone to replace that which is 
resorbed. Injury, exercise, and other activities lead to remodeling. Those 
influences are discussed later in the chapter, but even without injury or 
exercise, about 5 to 10 percent of the skeleton is remodeled annually just by 
destroying old bone and renewing it with fresh bone. 


Note: 

Diseases of the... 

Skeletal System 

Osteogenesis imperfecta (OI) is a genetic disease in which bones do not 
form properly and therefore are fragile and break easily. It is also called 
brittle bone disease. The disease is present from birth and affects a person 
throughout life. 

The genetic mutation that causes OI affects the body’s production of 
collagen, one of the critical components of bone matrix. The severity of the 
disease can range from mild to severe. Those with the most severe forms of 
the disease sustain many more fractures than those with a mild form. 
Frequent and multiple fractures typically lead to bone deformities and short 
stature. Bowing of the long bones and curvature of the spine are also 
common in people afflicted with OI. Curvature of the spine makes 
breathing difficult because the lungs are compressed. 

Because collagen is such an important structural protein in many parts of 
the body, people with OI may also experience fragile skin, weak muscles, 
loose joints, easy bruising, frequent nosebleeds, brittle teeth, blue sclera, 
and hearing loss. There is no known cure for OI. Treatment focuses on 
helping the person retain as much independence as possible while 
minimizing fractures and maximizing mobility. Toward that end, safe 
exercises, like swimming, in which the body is less likely to experience 
collisions or compressive forces, are recommended. Braces to support legs, 
ankles, knees, and wrists are used as needed. Canes, walkers, or 
wheelchairs can also help compensate for weaknesses. 


When bones do break, casts, splints, or wraps are used. In some cases, 
metal rods may be surgically implanted into the long bones of the arms and 
legs. Research is currently being conducted on using bisphosphonates to 
treat OI. Smoking and being overweight are especially risky in people with 
OI, since smoking is known to weaken bones, and extra body weight puts 
additional stress on the bones. 


Note: 
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Watch this video to see how a bone grows. 


Chapter Review 


All bone formation is a replacement process. Embryos develop a 
cartilaginous skeleton and various membranes. During development, these 
are replaced by bone during the ossification process. In intramembranous 
ossification, bone develops directly from sheets of mesenchymal connective 
tissue. In endochondral ossification, bone develops by replacing hyaline 
cartilage. Activity in the epiphyseal plate enables bones to grow in length. 
Modeling allows bones to grow in diameter. Remodeling occurs as bone is 
resorbed and replaced by new bone. Osteogenesis imperfecta is a genetic 
disease in which collagen production is altered, resulting in fragile, brittle 
bones. 


Review Questions 


Exercise: 


Problem: Why is cartilage slow to heal? 


a. because it eventually develops into bone 

b. because it is semi-solid and flexible 

c. because it does not have a blood supply 

d. because endochondral ossification replaces all cartilage with bone 


Solution: 


C 


Exercise: 


Problem: Why are osteocytes spread out in bone tissue? 


a. They develop from mesenchymal cells. 

b. They are surrounded by osteoid. 

c. They travel through the capillaries. 

d. Formation of osteoid spreads out the osteoblasts that formed the 
ossification centers. 


Solution: 


D 
Exercise: 


Problem: 
In endochondral ossification, what happens to the chondrocytes? 


a. They develop into osteocytes. 

b. They die in the calcified matrix that surrounds them and form the 
medullary cavity. 

c. They grow and form the periosteum. 

d. They group together to form the primary ossification center. 


Solution: 


B 
Exercise: 


Problem: 


Which of the following bones is (are) formed by intramembranous 
ossification? 


a. the metatarsals 

b. the femur 

c. the ribs 

d. the flat bones of the cranium 


Solution: 
D 
Exercise: 
Problem:Bones grow in length due to activity in the 
a. epiphyseal plate 
b. perichondrium 


Cc. periosteum 
d. medullary cavity 


Solution: 


A 


Exercise: 


Problem:Bones grow in diameter due to bone formation 


a. in the medullary cavity 
b. beneath the periosteum 
c. in the epiphyseal plate 
d. within the metaphysis 


Solution: 


B 
Exercise: 


Problem: 


Which of the following represents the correct sequence of zones in the 
epiphyseal plate? 


a. proliferation, reserved, maturation, calcification 
b. maturation, proliferation, reserved, calcification 
c. calcification, maturation, proliferation, reserved 
d. calcification, reserved, proliferation, maturation 


Solution: 


C 


Critical Thinking Questions 


Exercise: 


Problem: 


In what ways do intramembranous and endochondral ossification 
differ? 


Solution: 


In intramembranous ossification, bone develops directly from sheets of 
mesenchymal connective tissue, but in endochondral ossification, bone 
develops by replacing hyaline cartilage. Intramembranous ossification 
is complete by the end of the adolescent growth spurt, while 
endochondral ossification lasts into young adulthood. The flat bones of 
the face, most of the cranial bones, and a good deal of the clavicles 
(collarbones) are formed via intramembranous ossification, while 
bones at the base of the skull and the long bones form via 
endochondral ossification. 


Exercise: 
Problem: 


Considering how a long bone develops, what are the similarities and 
differences between a primary and a secondary ossification center? 


Solution: 


A single primary ossification center is present, during endochondral 
ossification, deep in the periosteal collar. Like the primary ossification 
center, secondary ossification centers are present during endochondral 
ossification, but they form later, and there are two of them, one in each 
epiphysis. 


Glossary 


endochondral ossification 
process in which bone forms by replacing hyaline cartilage 


epiphyseal line 
completely ossified remnant of the epiphyseal plate 


intramembranous ossification 
process by which bone forms directly from mesenchymal tissue 


modeling 


process, during bone growth, by which bone is resorbed on one surface 
of a bone and deposited on another 


ossification 
(also, osteogenesis) bone formation 


ossification center 
cluster of osteoblasts found in the early stages of intramembranous 
ossification 


osteoid 
uncalcified bone matrix secreted by osteoblasts 


perichondrium 
membrane that covers cartilage 


primary ossification center 
region, deep in the periosteal collar, where bone development starts 
during endochondral ossification 


proliferative zone 
region of the epiphyseal plate that makes new chondrocytes to replace 
those that die at the diaphyseal end of the plate and contributes to 
longitudinal growth of the epiphyseal plate 


remodeling 
process by which osteoclasts resorb old or damaged bone at the same 
time as and on the same surface where osteoblasts form new bone to 
replace that which is resorbed 


reserve zone 
region of the epiphyseal plate that anchors the plate to the osseous 
tissue of the epiphysis 


secondary ossification center 
region of bone development in the epiphyses 


zone of calcified matrix 


region of the epiphyseal plate closest to the diaphyseal end; functions 
to connect the epiphyseal plate to the diaphysis 


zone of maturation and hypertrophy 
region of the epiphyseal plate where chondrocytes from the 
proliferative zone grow and mature and contribute to the longitudinal 
growth of the epiphyseal plate 


Fractures: Bone Repair 
By the end of this section, you will be able to: 


e Differentiate among the different types of fractures 
e Describe the steps involved in bone repair 


A fracture is a broken bone. It will heal whether or not a physician resets it 
in its anatomical position. If the bone is not reset correctly, the healing 
process will keep the bone in its deformed position. 


When a broken bone is manipulated and set into its natural position without 
surgery, the procedure is called a closed reduction. Open reduction 
requires surgery to expose the fracture and reset the bone. While some 
fractures can be minor, others are quite severe and result in grave 
complications. For example, a fractured diaphysis of the femur has the 
potential to release fat globules into the bloodstream. These can become 
lodged in the capillary beds of the lungs, leading to respiratory distress and 
if not treated quickly, death. 


Types of Fractures 


Fractures are classified by their complexity, location, and other features 
({link]). [link] outlines common types of fractures. Some fractures may be 
described using more than one term because it may have the features of 
more than one type (e.g., an open transverse fracture). 

Types of Fractures 


Open Transverse 


Compare healthy bone with different types 
of fractures: (a) closed fracture, (b) open 
fracture, (c) transverse fracture, (d) spiral 


fracture, (e) comminuted fracture, (f) 
impacted fracture, (g) greenstick fracture, 
and (h) oblique fracture. 


Types of Fractures 


Type of 
fracture 


Transverse 


Oblique 


Spiral 


Comminuted 


Impacted 


Greenstick 


Open (or 
compound) 


Description 
Occurs straight across the long axis of the bone 
Occurs at an angle that is not 90 degrees 


Bone segments are pulled apart as a result of a 
twisting motion 


Several breaks result in many small pieces between 
two large segments 


One fragment is driven into the other, usually as a 
result of compression 


A partial fracture in which only one side of the 
bone is broken 


A fracture in which at least one end of the broken 
bone tears through the skin; carries a high risk of 
infection 


Types of Fractures 


Type of 

fracture Description 

oe kon A fracture in which the skin remains intact 
simple) 


Bone Repair 


When a bone breaks, blood flows from any vessel torn by the fracture. 
These vessels could be in the periosteum, osteons, and/or medullary cavity. 
The blood begins to clot, and about six to eight hours after the fracture, the 
clotting blood has formed a fracture hematoma ([link]a). The disruption 
of blood flow to the bone results in the death of bone cells around the 
fracture. 

Stages in Fracture Repair 


Hematoma New blood vessels 


cae 
eres 


Bony callus 


Spongy bone 


trabecula of spongy bone 
(b) (c) (d) 


The healing of a bone fracture follows a series of 
progressive steps: (a) A fracture hematoma forms. (b) 
Internal and external calli form. (c) Cartilage of the 
calli is replaced by trabecular bone. (d) Remodeling 
occurs. 


Within about 48 hours after the fracture, chondrocytes from the endosteum 
have created an internal callus (plural = calli) by secreting a 
fibrocartilaginous matrix between the two ends of the broken bone, while 
the periosteal chondrocytes and osteoblasts create an external callus of 
hyaline cartilage and bone, respectively, around the outside of the break 
({link]b). This stabilizes the fracture. 


Over the next several weeks, osteoclasts resorb the dead bone; osteogenic 
cells become active, divide, and differentiate into osteoblasts. The cartilage 
in the calli is replaced by trabecular bone via endochondral ossification 
((link]c). 


Eventually, the internal and external calli unite, compact bone replaces 
spongy bone at the outer margins of the fracture, and healing is complete. A 
slight swelling may remain on the outer surface of the bone, but quite often, 
that region undergoes remodeling ([link]d), and no external evidence of the 
fracture remains. 


Note: 
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Visit this website to review different types of fractures and then take a 
short self-assessment quiz. 


Chapter Review 


Fractured bones may be repaired by closed reduction or open reduction. 
Fractures are classified by their complexity, location, and other features. 
Common types of fractures are transverse, oblique, spiral, comminuted, 


impacted, greenstick, open (or compound), and closed (or simple). Healing 
of fractures begins with the formation of a hematoma, followed by internal 
and external calli. Osteoclasts resorb dead bone, while osteoblasts create 
new bone that replaces the cartilage in the calli. The calli eventually unite, 
remodeling occurs, and healing is complete. 


Review Questions 


Exercise: 


Problem:A fracture can be both 


a. open and closed 

b. open and transverse 

c. transverse and greenstick 
d. greenstick and comminuted 


Solution: 


B 
Exercise: 
Problem: 


How can a fractured diaphysis release fat globules into the 
bloodstream? 


a. The bone pierces fat stores in the skin. 

b. The yellow marrow in the diaphysis is exposed and damaged. 

c. The injury triggers the body to release fat from healthy bones. 

d. The red marrow in the fractured bone releases fat to heal the 
fracture. 


Solution: 


B 


Exercise: 


Problem:In a compound fracture, 


a. the break occurs at an angle to the bone 

b. the broken bone does not tear the skin 

c. one fragment of broken bone is compressed into the other 
d. broken bone pierces the skin 


Solution: 


D 


Exercise: 


Problem:The internal and external calli are replaced by 


a. hyaline cartilage 
b. trabecular bone 

c. osteogenic cells 
d. osteoclasts 


Solution: 


B 
Exercise: 


Problem: 
The first type of bone to form during fracture repair is bone. 


a. compact 
b. lamellar 


c. spongy 
d. dense 


Solution: 


C 


Critical Thinking Questions 


Exercise: 


Problem: 


What is the difference between closed reduction and open reduction? 
In what type of fracture would closed reduction most likely occur? In 
what type of fracture would open reduction most likely occur? 


Solution: 


In closed reduction, the broken ends of a fractured bone can be reset 
without surgery. Open reduction requires surgery to return the broken 
ends of the bone to their correct anatomical position. A partial fracture 
would likely require closed reduction. A compound fracture would 
require open reduction. 


Exercise: 
Problem: 


In terms of origin and composition, what are the differences between 
an internal callus and an external callus? 


Solution: 


The internal callus is produced by cells in the endosteum and is 
composed of a fibrocartilaginous matrix. The external callus is 
produced by cells in the periosteum and consists of hyaline cartilage 
and bone. 


Glossary 


closed reduction 
manual manipulation of a broken bone to set it into its natural position 
without surgery 


external callus 
collar of hyaline cartilage and bone that forms around the outside of a 
fracture 


fracture 
broken bone 


fracture hematoma 
blood clot that forms at the site of a broken bone 


internal callus 
fibrocartilaginous matrix, in the endosteal region, between the two 
ends of a broken bone 


open reduction 
surgical exposure of a bone to reset a fracture 


Types of Tissues 
By the end of this section, you will be able to: 


e Identify the four main tissue types 

e Discuss the functions of each tissue type 

e Relate the structure of each tissue type to their function 
e Discuss the embryonic origin of tissue 

e Identify the three major germ layers 

e Identify the main types of tissue membranes 


The term tissue is used to describe a group of cells found together in the 
body. The cells within a tissue share a common embryonic origin. 
Microscopic observation reveals that the cells in a tissue share 
morphological features and are arranged in an orderly pattern that achieves 
the tissue’s functions. From the evolutionary perspective, tissues appear in 
more complex organisms. For example, multicellular protists, ancient 
eukaryotes, do not have cells organized into tissues. 


Although there are many types of cells in the human body, they are 
organized into four broad categories of tissues: epithelial, connective, 
muscle, and nervous. Each of these categories is characterized by specific 
functions that contribute to the overall health and maintenance of the body. 
A disruption of the structure is a sign of injury or disease. Such changes can 
be detected through histology, the microscopic study of tissue appearance, 
organization, and function. 


The Four Types of Tissues 


Epithelial tissue, also referred to as epithelium, refers to the sheets of cells 
that cover exterior surfaces of the body, lines internal cavities and 
passageways, and forms certain glands. Connective tissue, as its name 
implies, binds the cells and organs of the body together and functions in the 
protection, support, and integration of all parts of the body. Muscle tissue is 
excitable, responding to stimulation and contracting to provide movement, 
and occurs as three major types: skeletal (voluntary) muscle, smooth 
muscle, and cardiac muscle in the heart. Nervous tissue is also excitable, 


allowing the propagation of electrochemical signals in the form of nerve 
impulses that communicate between different regions of the body ([link]). 


The next level of organization is the organ, where several types of tissues 
come together to form a working unit. Just as knowing the structure and 
function of cells helps you in your study of tissues, knowledge of tissues 
will help you understand how organs function. The epithelial and 
connective tissues are discussed in detail in this chapter. Muscle and 
nervous tissues will be discussed only briefly in this chapter. 

Four Types of Tissue: Body 


Nervous tissue 
Brain 
Spinal cord 
Nerves 


Muscle tissue 
Cardiac muscle 
Smooth muscle 
Skeletal muscle 


Epithelial tissue 
Lining of Gl tract organs 
and other hollow organs 
Skin surface (epidermis) 


Connective tissue 
Fat and other soft 
padding tissue 

Bone 
Tendon 


The four types of tissues are exemplified in nervous 
tissue, stratified squamous epithelial tissue, cardiac 
muscle tissue, and connective tissue in small intestine. 


Clockwise from nervous tissue, LM x 872, LM x 282, 

LM x 460, LM x 800. (Micrographs provided by the 

Regents of University of Michigan Medical School © 
2012) 


Embryonic Origin of Tissues 


The zygote, or fertilized egg, is a single cell formed by the fusion of an egg 
and sperm. After fertilization the zygote gives rise to rapid mitotic cycles, 
generating many cells to form the embryo. The first embryonic cells 
generated have the ability to differentiate into any type of cell in the body 
and, as such, are called totipotent, meaning each has the capacity to divide, 
differentiate, and develop into a new organism. As cell proliferation 
progresses, three major cell lineages are established within the embryo. As 
explained in a later chapter, each of these lineages of embryonic cells forms 
the distinct germ layers from which all the tissues and organs of the human 
body eventually form. Each germ layer is identified by its relative position: 
ectoderm (ecto- = “outer”), mesoderm (meso- = “middle”), and endoderm 
(endo- = “inner’’). [link] shows the types of tissues and organs associated 
with the each of the three germ layers. Note that epithelial tissue originates 
in all three layers, whereas nervous tissue derives primarily from the 
ectoderm and muscle tissue from mesoderm. 

Embryonic Origin of Tissues and Major Organs 


Ectoderm Epidermis, glands on skin, some cranial bones, pituitary and adrenal medulla, the nervous 
system, the mouth between cheek and gums, the anus 
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Skin cells Neurons Pigment cell 
Mesoderm Connective tissues proper, bone, cartilage, blood, endothelium of blood vessels, muscle, 
synovial membranes, serous membranes lining body cavities, kidneys, lining of gonads 
_——— 
—— = — = 
— 
be _<<ff = = 
Cardiac Skeletal Tubule cell Red blood Smooth 
muscle muscle of kidney cells muscle 
Endoderm Lining of airways and digestive system except the mouth and distal part of digestive system 
(rectum and anal canal); glands (digestive glands, endocrine glands, adrenal cortex) 
Lung cell Thyroid cell Pancreatic cell 
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View this slideshow to learn more about stem cells. How do somatic stem 
cells differ from embryonic stem cells? 


Tissue Membranes 


A tissue membrane is a thin layer or sheet of cells that covers the outside 
of the body (for example, skin), the organs (for example, pericardium), 
internal passageways that lead to the exterior of the body (for example, 
abdominal mesenteries), and the lining of the moveable joint cavities. There 
are two basic types of tissue membranes: connective tissue and epithelial 
membranes ((link]). 

Tissue Membranes 


Mucous membranes line the 
digestive, respiratory, urinary, 
and reproductive tracts. They 
are coated with the secretions 
of mucous glands. 


Serous membranes line body 
cavities closed to the exterior 
of the body: the peritoneal, 
pleural, and pericardial 
cavities. 


Cutaneous membrane, or the 
skin, covers the body surface. 


Synovial membranes line joint 
cavities and produce the fluid 


within the joint. 


The two broad categories of tissue membranes 
in the body are (1) connective tissue 
membranes, which include synovial 

membranes, and (2) epithelial membranes, 
which include mucous membranes, serous 
membranes, and the cutaneous membrane, in 
other words, the skin. 


Connective Tissue Membranes 


The connective tissue membrane is formed solely from connective tissue. 
These membranes encapsulate organs, such as the kidneys, and line our 
movable joints. A synovial membrane is a type of connective tissue 
membrane that lines the cavity of a freely movable joint. For example, 
synovial membranes surround the joints of the shoulder, elbow, and knee. 
Fibroblasts in the inner layer of the synovial membrane release hyaluronan 
into the joint cavity. The hyaluronan effectively traps available water to 
form the synovial fluid, a natural lubricant that enables the bones of a joint 
to move freely against one another without much friction. This synovial 
fluid readily exchanges water and nutrients with blood, as do all body 
fluids. 


Epithelial Membranes 


The epithelial membrane is composed of epithelium attached to a layer of 
connective tissue, for example, your skin. The mucous membrane is also a 
composite of connective and epithelial tissues. Sometimes called mucosae, 
these epithelial membranes line the body cavities and hollow passageways 
that open to the external environment, and include the digestive, respiratory, 
excretory, and reproductive tracts. Mucous, produced by the epithelial 
exocrine glands, covers the epithelial layer. The underlying connective 
tissue, called the lamina propria (literally “own layer”), help support the 
fragile epithelial layer. 


A serous membrane is an epithelial membrane composed of mesodermally 
derived epithelium called the mesothelium that is supported by connective 
tissue. These membranes line the coelomic cavities of the body, that is, 
those cavities that do not open to the outside, and they cover the organs 
located within those cavities. They are essentially membranous bags, with 
mesothelium lining the inside and connective tissue on the outside. Serous 
fluid secreted by the cells of the thin squamous mesothelium lubricates the 
membrane and reduces abrasion and friction between organs. Serous 
membranes are identified according locations. Three serous membranes line 
the thoracic cavity; the two pleura that cover the lungs and the pericardium 


that covers the heart. A fourth, the peritoneum, is the serous membrane in 
the abdominal cavity that covers abdominal organs and forms double sheets 
of mesenteries that suspend many of the digestive organs. 


The skin is an epithelial membrane also called the cutaneous membrane. It 
is a stratified squamous epithelial membrane resting on top of connective 
tissue. The apical surface of this membrane is exposed to the external 
environment and is covered with dead, keratinized cells that help protect the 
body from desiccation and pathogens. 


Chapter Review 


The human body contains more than 200 types of cells that can all be 
classified into four types of tissues: epithelial, connective, muscle, and 
nervous. Epithelial tissues act as coverings controlling the movement of 
materials across the surface. Connective tissue integrates the various parts 
of the body and provides support and protection to organs. Muscle tissue 
allows the body to move. Nervous tissues propagate information. 


The study of the shape and arrangement of cells in tissue is called histology. 
All cells and tissues in the body derive from three germ layers in the 
embryo: the ectoderm, mesoderm, and endoderm. 


Different types of tissues form membranes that enclose organs, provide a 
friction-free interaction between organs, and keep organs together. Synovial 
membranes are connective tissue membranes that protect and line the joints. 
Epithelial membranes are formed from epithelial tissue attached to a layer 
of connective tissue. There are three types of epithelial membranes: 
mucous, which contain glands; serous, which secrete fluid; and cutaneous 
which makes up the skin. 


Interactive Link Questions 


Exercise: 


Problem: 


View this slideshow to learn more about stem cells. How do somatic 
stem cells differ from embryonic stem cells? 


Solution: 


Most somatic stem cells give rise to only a few cell types. 


Review Questions 


Exercise: 


Problem: Which of the following is not a type of tissue? 


a. muscle 

b. nervous 

c. embryonic 
d. epithelial 


Solution: 


c 
Exercise: 
Problem: 


The process by which a less specialized cell matures into a more 
specialized cell is called 


a. differentiation 
b. maturation 

c. modification 
d. specialization 


Solution: 


A 
Exercise: 


Problem: 
Differentiated cells in a developing embryo derive from 


a. endothelium, mesothelium, and epithelium 

b. ectoderm, mesoderm, and endoderm 

c. connective tissue, epithelial tissue, and muscle tissue 
d. epidermis, mesoderm, and endothelium 


Solution: 


B 
Exercise: 


Problem: 


Which of the following lines the body cavities exposed to the external 
environment? 


a. mesothelium 
b. lamina propria 


c. mesenteries 
d. mucosa 


Solution: 


D 


Critical Thinking Questions 


Exercise: 


Problem: 


Identify the four types of tissue in the body, and describe the major 
functions of each tissue. 


Solution: 


The four types of tissue in the body are epithelial, connective, muscle, 
and nervous. Epithelial tissue is made of layers of cells that cover the 
surfaces of the body that come into contact with the exterior world, 
line internal cavities, and form glands. Connective tissue binds the 
cells and organs of the body together and performs many functions, 
especially in the protection, support, and integration of the body. 
Muscle tissue, which responds to stimulation and contracts to provide 
movement, is divided into three major types: skeletal (voluntary) 
muscles, smooth muscles, and the cardiac muscle in the heart. Nervous 
tissue allows the body to receive signals and transmit information as 
electric impulses from one region of the body to another. 


Exercise: 


Problem: 


The zygote is described as totipotent because it ultimately gives rise to 
all the cells in your body including the highly specialized cells of your 
nervous system. Describe this transition, discussing the steps and 
processes that lead to these specialized cells. 


Solution: 


The zygote divides into many cells. As these cells become specialized, 
they lose their ability to differentiate into all tissues. At first they form 
the three primary germ layers. Following the cells of the ectodermal 
germ layer, they too become more restricted in what they can form. 
Ultimately, some of these ectodermal cells become further restricted 
and differentiate in to nerve cells. 


Exercise: 


Problem: What is the function of synovial membranes? 
Solution: 


Synovial membranes are a type of connective tissue membrane that 
supports mobility in joints. The membrane lines the joint cavity and 
contains fibroblasts that produce hyaluronan, which leads to the 
production of synovial fluid, a natural lubricant that enables the bones 
of a joint to move freely against one another. 


Glossary 


connective tissue 
type of tissue that serves to hold in place, connect, and integrate the 
body’s organs and systems 


connective tissue membrane 
connective tissue that encapsulates organs and lines movable joints 


cutaneous membrane 
skin; epithelial tissue made up of a stratified squamous epithelial cells 
that cover the outside of the body 


ectoderm 
outermost embryonic germ layer from which the epidermis and the 
nervous tissue derive 


endoderm 
innermost embryonic germ layer from which most of the digestive 
system and lower respiratory system derive 


epithelial membrane 
epithelium attached to a layer of connective tissue 


epithelial tissue 


type of tissue that serves primarily as a covering or lining of body 
parts, protecting the body; it also functions in absorption, transport, 
and secretion 


histology 
microscopic study of tissue architecture, organization, and function 


lamina propria 
areolar connective tissue underlying a mucous membrane 


mesoderm 
middle embryonic germ layer from which connective tissue, muscle 
tissue, and some epithelial tissue derive 


mucous membrane 
tissue membrane that is covered by protective mucous and lines tissue 
exposed to the outside environment 


muscle tissue 
type of tissue that is capable of contracting and generating tension in 
response to stimulation; produces movement. 


nervous tissue 
type of tissue that is capable of sending and receiving impulses 
through electrochemical signals. 


serous membrane 
type of tissue membrane that lines body cavities and lubricates them 
with serous fluid 


synovial membrane 
connective tissue membrane that lines the cavities of freely movable 
joints, producing synovial fluid for lubrication 


tissue 
group of cells that are similar in form and perform related functions 


tissue membrane 


thin layer or sheet of cells that covers the outside of the body, organs, 
and internal cavities 


totipotent 
embryonic cells that have the ability to differentiate into any type of 
cell and organ in the body 


Epithelial Tissue 
By the end of this section, you will be able to: 


e Explain the structure and function of epithelial tissue 

e Distinguish between tight junctions, anchoring junctions, and gap 
junctions 

e Distinguish between simple epithelia and stratified epithelia, as well as 
between squamous, cuboidal, and columnar epithelia 

e Describe the structure and function of endocrine and exocrine glands 
and their respective secretions 


Most epithelial tissues are essentially large sheets of cells covering all the 
surfaces of the body exposed to the outside world and lining the outside of 
organs. Epithelium also forms much of the glandular tissue of the body. 
Skin is not the only area of the body exposed to the outside. Other areas 
include the airways, the digestive tract, as well as the urinary and 
reproductive systems, all of which are lined by an epithelium. Hollow 
organs and body cavities that do not connect to the exterior of the body, 
which includes, blood vessels and serous membranes, are lined by 
endothelium (plural = endothelia), which is a type of epithelium. 


Epithelial cells derive from all three major embryonic layers. The epithelia 
lining the skin, parts of the mouth and nose, and the anus develop from the 
ectoderm. Cells lining the airways and most of the digestive system 
originate in the endoderm. The epithelium that lines vessels in the 
lymphatic and cardiovascular system derives from the mesoderm and is 
called an endothelium. 


All epithelia share some important structural and functional features. This 
tissue is highly cellular, with little or no extracellular material present 
between cells. Adjoining cells form a specialized intercellular connection 
between their cell membranes called a cell junction. The epithelial cells 
exhibit polarity with differences in structure and function between the 
exposed or apical facing surface of the cell and the basal surface close to 
the underlying body structures. The basal lamina, a mixture of 
glycoproteins and collagen, provides an attachment site for the epithelium, 
separating it from underlying connective tissue. The basal lamina attaches 


to a reticular lamina, which is secreted by the underlying connective 
tissue, forming a basement membrane that helps hold it all together. 


Epithelial tissues are nearly completely avascular. For instance, no blood 
vessels cross the basement membrane to enter the tissue, and nutrients must 
come by diffusion or absorption from underlying tissues or the surface. 
Many epithelial tissues are capable of rapidly replacing damaged and dead 
cells. Sloughing off of damaged or dead cells is a characteristic of surface 
epithelium and allows our airways and digestive tracts to rapidly replace 
damaged cells with new cells. 


Generalized Functions of Epithelial Tissue 


Epithelial tissues provide the body’s first line of protection from physical, 
chemical, and biological wear and tear. The cells of an epithelium act as 
gatekeepers of the body controlling permeability and allowing selective 
transfer of materials across a physical barrier. All substances that enter the 
body must cross an epithelium. Some epithelia often include structural 
features that allow the selective transport of molecules and ions across their 
cell membranes. 


Many epithelial cells are capable of secretion and release mucous and 
specific chemical compounds onto their apical surfaces. The epithelium of 
the small intestine releases digestive enzymes, for example. Cells lining the 
respiratory tract secrete mucous that traps incoming microorganisms and 
particles. A glandular epithelium contains many secretory cells. 


The Epithelial Cell 


Epithelial cells are typically characterized by the polarized distribution of 
organelles and membrane-bound proteins between their basal and apical 
surfaces. Particular structures found in some epithelial cells are an 
adaptation to specific functions. Certain organelles are segregated to the 
basal sides, whereas other organelles and extensions, such as cilia, when 
present, are on the apical surface. 


Cilia are microscopic extensions of the apical cell membrane that are 
supported by microtubules. They beat in unison and move fluids as well as 
trapped particles. Ciliated epithelium lines the ventricles of the brain where 
it helps circulate the cerebrospinal fluid. The ciliated epithelium of your 
airway forms a mucociliary escalator that sweeps particles of dust and 
pathogens trapped in the secreted mucous toward the throat. It is called an 
escalator because it continuously pushes mucous with trapped particles 
upward. In contrast, nasal cilia sweep the mucous blanket down towards 
your throat. In both cases, the transported materials are usually swallowed, 
and end up in the acidic environment of your stomach. 


Classification of Epithelial Tissues 


Epithelial tissues are classified according to the shape of the cells and 
number of the cell layers formed ([link]). Cell shapes can be squamous 
(flattened and thin), cuboidal (boxy, as wide as it is tall), or columnar 
(rectangular, taller than it is wide). Similarly, the number of cell layers in 
the tissue can be one—where every cell rests on the basal lamina—which is 
a simple epithelium, or more than one, which is a stratified epithelium and 
only the basal layer of cells rests on the basal lamina. Pseudostratified 
(pseudo- = “false”) describes tissue with a single layer of irregularly shaped 
cells that give the appearance of more than one layer. Transitional describes 
a form of specialized stratified epithelium in which the shape of the cells 
can vary. 

Cells of Epithelial Tissue 


Squamous 
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Simple squamous epithelium 


Cuboidal elelelelele 


Simple cuboidal epithelium Stratified cuboidal epithelium Pseudostratified 


Simple columnar epithelium Stratified columnar epithelium Pseudostratified columnar epithelium 


Simple epithelial tissue is organized as a single layer of 
cells and stratified epithelial tissue is formed by several 
layers of cells. 


Simple Epithelium 


The shape of the cells in the single cell layer of simple epithelium reflects 
the functioning of those cells. The cells in simple squamous epithelium 
have the appearance of thin scales. Squamous cell nuclei tend to be flat, 
horizontal, and elliptical, mirroring the form of the cell. The endothelium 
is the epithelial tissue that lines vessels of the lymphatic and cardiovascular 
system, and it is made up of a single layer of squamous cells. Simple 
squamous epithelium, because of the thinness of the cell, is present where 
rapid passage of chemical compounds is observed. The alveoli of lungs 


where gases diffuse, segments of kidney tubules, and the lining of 
capillaries are also made of simple squamous epithelial tissue. The 
mesothelium is a simple squamous epithelium that forms the surface layer 
of the serous membrane that lines body cavities and internal organs. Its 
primary function is to provide a smooth and protective surface. Mesothelial 
cells are squamous epithelial cells that secrete a fluid that lubricates the 
mesothelium. 


In simple cuboidal epithelium, the nucleus of the box-like cells appears 
round and is generally located near the center of the cell. These epithelia are 
active in the secretion and absorptions of molecules. Simple cuboidal 
epithelia are observed in the lining of the kidney tubules and in the ducts of 
glands. 


In simple columnar epithelium, the nucleus of the tall column-like cells 
tends to be elongated and located in the basal end of the cells. Like the 
cuboidal epithelia, this epithelium is active in the absorption and secretion 
of molecules. Simple columnar epithelium forms the lining of some 
sections of the digestive system and parts of the female reproductive tract. 
Ciliated columnar epithelium is composed of simple columnar epithelial 
cells with cilia on their apical surfaces. These epithelial cells are found in 
the lining of the fallopian tubes and parts of the respiratory system, where 
the beating of the cilia helps remove particulate matter. 


Pseudostratified columnar epithelium is a type of epithelium that appears 
to be stratified but instead consists of a single layer of irregularly shaped 
and differently sized columnar cells. In pseudostratified epithelium, nuclei 
of neighboring cells appear at different levels rather than clustered in the 
basal end. The arrangement gives the appearance of stratification; but in 
fact all the cells are in contact with the basal lamina, although some do not 
reach the apical surface. Pseudostratified columnar epithelium is found in 
the respiratory tract, where some of these cells have cilia. 


Both simple and pseudostratified columnar epithelia are heterogeneous 
epithelia because they include additional types of cells interspersed among 
the epithelial cells. For example, a goblet cell is a mucous-secreting 
unicellular “gland” interspersed between the columnar epithelial cells of 
mucous membranes ([link]). 


Goblet Cell 


Microvilli 


Secretory vesicles 
containing mucin 


Nucleus 


(a) In the lining of the small intestine, columnar 
epithelium cells are interspersed with goblet cells. (b) 
The arrows in this micrograph point to the mucous- 
secreting goblet cells. LM x 1600. (Micrograph 
provided by the Regents of University of Michigan 
Medical School © 2012) 


Note: 
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View the University of Michigan WebScope at 
http://virtualslides.med.umich.edu/Histology/Digestive%20S ystem/Intestin 
es/169 HISTO 40X.svs/view.apml to explore the tissue sample in greater 
detail. 


Stratified Epithelium 


A stratified epithelium consists of several stacked layers of cells. This 
epithelium protects against physical and chemical wear and tear. The 
stratified epithelium is named by the shape of the most apical layer of cells, 
closest to the free space. Stratified squamous epithelium is the most 
common type of stratified epithelium in the human body. The apical cells 
are squamous, whereas the basal layer contains either columnar or cuboidal 
cells. The top layer may be covered with dead cells filled with keratin. 
Mammalian skin is an example of this dry, keratinized, stratified squamous 
epithelium. The lining of the mouth cavity is an example of an 
unkeratinized, stratified squamous epithelium. Stratified cuboidal 
epithelium and stratified columnar epithelium can also be found in 
certain glands and ducts, but are uncommon in the human body. 


Another kind of stratified epithelium is transitional epithelium, so-called 
because of the gradual changes in the shapes of the apical cells as the 
bladder fills with urine. It is found only in the urinary system, specifically 
the ureters and urinary bladder. When the bladder is empty, this epithelium 
is convoluted and has cuboidal apical cells with convex, umbrella shaped, 
apical surfaces. As the bladder fills with urine, this epithelium loses its 
convolutions and the apical cells transition from cuboidal to squamous. It 
appears thicker and more multi-layered when the bladder is empty, and 
more stretched out and less stratified when the bladder is full and distended. 
[link] summarizes the different categories of epithelial cell tissue cells. 


Summary of Epithelial Tissue Cells 


a 


Simple squamous epithelium Air sacs of lungs and the lining | Allows materials to pass 
= - = = of the heart, blood vessels, through by diffusion and 
. - and lymphatic vessels filtration, and secretes 
lubricating substance 


In ducts and secretory portions | Secretes and absorbs 
of small glands and in kidney 
tubules 


Ciliated tissues are in bronchi, Absorbs; it also secretes 
uterine tubes, and uterus; mucous and enzymes 
smooth (nonciliated tissues) 

are in the digestive tract, 

bladder 


Ciliated tissue lines the trachea | Secretes mucus; ciliated tissue 
and much of the upper moves mucus 
respiratory tract 


Stratified squamous epithelium Lines the esophagus, mouth, Protects against abrasion 
=n — a ae and vagina 


Stratified cuboidal epithelium Sweat glands, salivary glands, | Protective tissue 


and the mammary glands 


The male urethra and the Secretes and protects 


ducts of some glands 


Lines the bladder, uretha, and Allows the urinary organs to 
the ureters expand and stretch 


Watch this video to find out more about the anatomy of epithelial tissues. 
Where in the body would one find non-keratinizing stratified squamous 
epithelium? 


Chapter Review 


In epithelial tissue, cells are closely packed with little or no extracellular 
matrix except for the basal lamina that separates the epithelium from 
underlying tissue. The main functions of epithelia are protection from the 
environment, coverage, secretion and excretion, absorption, and filtration. 
Cells are bound together by tight junctions that form an impermeable 
barrier. They can also be connected by gap junctions, which allow free 
exchange of soluble molecules between cells, and anchoring junctions, 
which attach cell to cell or cell to matrix. The different types of epithelial 
tissues are characterized by their cellular shapes and arrangements: 
squamous, cuboidal, or columnar epithelia. Single cell layers form simple 
epithelia, whereas stacked cells form stratified epithelia. Very few 
capillaries penetrate these tissues. 


Interactive Link Questions 


Exercise: 


Problem: 


Watch this video to find out more about the anatomy of epithelial 
tissues. Where in the body would one find non-keratinizing stratified 
squamous epithelium? 


Solution: 


The inside of the mouth, esophagus, vaginal canal, and anus. 


Review Questions 


Exercise: 
Problem: 
In observing epithelial cells under a microscope, the cells are arranged 
in a single layer and look tall and narrow, and the nucleus is located 


close to the basal side of the cell. The specimen is what type of 
epithelial tissue? 


a. columnar 
b. stratified 

c. squamous 
d. transitional 


Solution: 


A 
Exercise: 


Problem: 


Which of the following is the epithelial tissue that lines the interior of 
blood vessels? 


a. columnar 


b. pseudostratified 
c. simple squamous 
d. transitional 


Solution: 


C 
Exercise: 


Problem: 


Which type of epithelial tissue specializes in moving particles across 
its surface and is found in airways and lining of the oviduct? 


a. transitional 

b. stratified columnar 

c. pseudostratified ciliated columnar 
d. stratified squamous 


Solution: 


B 


Critical Thinking Questions 


Exercise: 


Problem: 


The structure of a tissue usually is optimized for its function. Describe 
how the structure of individual cells and tissue arrangement of the 
intestine lining matches its main function, to absorb nutrients. 


Solution: 


Columnar epithelia, which form the lining of the digestive tract, can be 
either simple or stratified. The cells are long and narrow. The nucleus 
is elongated and located on the basal side of the cell. Ciliated columnar 
epithelium is composed of simple columnar epithelial cells that display 
cilia on their apical surfaces. 


Glossary 


anchoring junction 
mechanically attaches adjacent cells to each other or to the basement 
membrane 


apical 
that part of a cell or tissue which, in general, faces an open space 


apocrine secretion 
release of a substance along with the apical portion of the cell 


basal lamina 
thin extracellular layer that lies underneath epithelial cells and 
separates them from other tissues 


basement membrane 
in epithelial tissue, a thin layer of fibrous material that anchors the 
epithelial tissue to the underlying connective tissue; made up of the 
basal lamina and reticular lamina 


cell junction 
point of cell-to-cell contact that connects one cell to another in a tissue 


endocrine gland 
groups of cells that release chemical signals into the intercellular fluid 
to be picked up and transported to their target organs by blood 


endothelium 
tissue that lines vessels of the lymphatic and cardiovascular system, 
made up of a simple squamous epithelium 


exocrine gland 
group of epithelial cells that secrete substances through ducts that open 
to the skin or to internal body surfaces that lead to the exterior of the 
body 


gap junction 
allows cytoplasmic communications to occur between cells 


goblet cell 
unicellular gland found in columnar epithelium that secretes mucous 


holocrine secretion 
release of a substance caused by the rupture of a gland cell, which 
becomes part of the secretion 


merocrine secretion 
release of a substance from a gland via exocytosis 


mesothelium 
simple squamous epithelial tissue which covers the major body 
cavities and is the epithelial portion of serous membranes 


mucous gland 
group of cells that secrete mucous, a thick, slippery substance that 
keeps tissues moist and acts as a lubricant 


pseudostratified columnar epithelium 
tissue that consists of a single layer of irregularly shaped and sized 
cells that give the appearance of multiple layers; found in ducts of 
certain glands and the upper respiratory tract 


reticular lamina 
matrix containing collagen and elastin secreted by connective tissue; a 
component of the basement membrane 


serous gland 
group of cells within the serous membrane that secrete a lubricating 
substance onto the surface 


simple columnar epithelium 
tissue that consists of a single layer of column-like cells; promotes 
secretion and absorption in tissues and organs 


simple cuboidal epithelium 
tissue that consists of a single layer of cube-shaped cells; promotes 
secretion and absorption in ducts and tubules 


simple squamous epithelium 
tissue that consists of a single layer of flat scale-like cells; promotes 
diffusion and filtration across surface 


stratified columnar epithelium 
tissue that consists of two or more layers of column-like cells, contains 
glands and is found in some ducts 


stratified cuboidal epithelium 
tissue that consists of two or more layers of cube-shaped cells, found 
in some ducts 


stratified squamous epithelium 
tissue that consists of multiple layers of cells with the most apical 
being flat scale-like cells; protects surfaces from abrasion 


tight junction 
forms an impermeable barrier between cells 


transitional epithelium 
form of stratified epithelium found in the urinary tract, characterized 
by an apical layer of cells that change shape in response to the 
presence of urine 


Connective Tissue 
By the end of this section, you will be able to: 


e Identify and distinguish between the types of connective tissue: proper, 
supportive, and fluid 
e Explain the functions of connective tissues 


As may be obvious from its name, one of the major functions of connective 
tissue is to connect tissues and organs. Unlike epithelial tissue, which is 
composed of cells closely packed with little or no extracellular space in 
between, connective tissue cells are dispersed in a matrix. The matrix 
usually includes a large amount of extracellular material produced by the 
connective tissue cells that are embedded within it. The matrix plays a 
major role in the functioning of this tissue. The major component of the 
matrix is a ground substance often crisscrossed by protein fibers. This 
ground substance is usually a fluid, but it can also be mineralized and solid, 
as in bones. Connective tissues come in a vast variety of forms, yet they 
typically have in common three characteristic components: cells, large 
amounts of amorphous ground substance, and protein fibers. The amount 
and structure of each component correlates with the function of the tissue, 
from the rigid ground substance in bones supporting the body to the 
inclusion of specialized cells; for example, a phagocytic cell that engulfs 
pathogens and also rids tissue of cellular debris. 


Functions of Connective Tissues 


Connective tissues perform many functions in the body, but most 
importantly, they support and connect other tissues; from the connective 
tissue sheath that surrounds muscle cells, to the tendons that attach muscles 
to bones, and to the skeleton that supports the positions of the body. 
Protection is another major function of connective tissue, in the form of 
fibrous capsules and bones that protect delicate organs and, of course, the 
skeletal system. Specialized cells in connective tissue defend the body from 
microorganisms that enter the body. Transport of fluid, nutrients, waste, and 
chemical messengers is ensured by specialized fluid connective tissues, 
such as blood and lymph. Adipose cells store surplus energy in the form of 
fat and contribute to the thermal insulation of the body. 


Classification of Connective Tissues 


The three broad categories of connective tissue are classified according to 
the characteristics of their ground substance and the types of fibers found 
within the matrix ({link]). Connective tissue proper includes loose 
connective tissue and dense connective tissue. Both tissues have a variety 
of cell types and protein fibers suspended in a viscous ground substance. 
Dense connective tissue is reinforced by bundles of fibers that provide 
tensile strength, elasticity, and protection. In loose connective tissue, the 
fibers are loosely organized, leaving large spaces in between. Supportive 
connective tissue—bone and cartilage—provide structure and strength to 
the body and protect soft tissues. A few distinct cell types and densely 
packed fibers in a matrix characterize these tissues. In bone, the matrix is 
rigid and described as calcified because of the deposited calcium salts. In 
fluid connective tissue, in other words, lymph and blood, various 
specialized cells circulate in a watery fluid containing salts, nutrients, and 
dissolved proteins. 


Connective Tissue Examples 


Connective tissue Supportive Fluid connective 
proper connective tissue tissue 
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Connective Tissue Examples 


Connective tissue Supportive Fluid connective 
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tissue 
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Connective Tissue Proper 


Fibroblasts are present in all connective tissue proper ([link]). Fibrocytes, 
adipocytes, and mesenchymal cells are fixed cells, which means they 
remain within the connective tissue. Other cells move in and out of the 
connective tissue in response to chemical signals. Macrophages, mast cells, 
lymphocytes, plasma cells, and phagocytic cells are found in connective 
tissue proper but are actually part of the immune system protecting the 
body. 

Connective Tissue Proper 


Reticular fibers — ; 


Adipocytes 


Mesenchymal cell 


Elastic fibers 


Collagen fibers 


Fibroblast 


Macrophage 


Fibroblasts produce this fibrous tissue. Connective tissue proper 
includes the fixed cells fibrocytes, adipocytes, and mesenchymal cells. 


LM x 400. (Micrograph provided by the Regents of University of 
Michigan Medical School © 2012) 


Connective Tissue Fibers and Ground Substance 


Three main types of fibers are secreted by fibroblasts: collagen fibers, 
elastic fibers, and reticular fibers. Collagen fiber is made from fibrous 
protein subunits linked together to form a long and straight fiber. Collagen 
fibers, while flexible, have great tensile strength, resist stretching, and give 
ligaments and tendons their characteristic resilience and strength. These 
fibers hold connective tissues together, even during the movement of the 
body. 


Elastic fiber contains the protein elastin along with lesser amounts of other 
proteins and glycoproteins. The main property of elastin is that after being 
stretched or compressed, it will return to its original shape. Elastic fibers are 
prominent in elastic tissues found in skin and the elastic ligaments of the 
vertebral column. 


Reticular fiber is also formed from the same protein subunits as collagen 
fibers; however, these fibers remain narrow and are arrayed in a branching 
network. They are found throughout the body, but are most abundant in the 
reticular tissue of soft organs, such as liver and spleen, where they anchor 
and provide structural support to the parenchyma (the functional cells, 
blood vessels, and nerves of the organ). 


All of these fiber types are embedded in ground substance. Secreted by 
fibroblasts, ground substance is made of polysaccharides, specifically 
hyaluronic acid, and proteins. These combine to form a proteoglycan with a 
protein core and polysaccharide branches. The proteoglycan attracts and 
traps available moisture forming the clear, viscous, colorless matrix you 
now know as ground substance. 


Loose Connective Tissue 


Loose connective tissue is found between many organs where it acts both to 
absorb shock and bind tissues together. It allows water, salts, and various 
nutrients to diffuse through to adjacent or imbedded cells and tissues. 


Adipose tissue consists mostly of fat storage cells, with little extracellular 
matrix ({link]). A large number of capillaries allow rapid storage and 
mobilization of lipid molecules. White adipose tissue is most abundant. It 
can appear yellow and owes its color to carotene and related pigments from 
plant food. White fat contributes mostly to lipid storage and can serve as 
insulation from cold temperatures and mechanical injuries. White adipose 
tissue can be found protecting the kidneys and cushioning the back of the 
eye. Brown adipose tissue is more common in infants, hence the term “baby 
fat.” In adults, there is a reduced amount of brown fat and it is found mainly 
in the neck and clavicular regions of the body. The many mitochondria in 
the cytoplasm of brown adipose tissue help explain its efficiency at 
metabolizing stored fat. Brown adipose tissue is thermogenic, meaning that 
as it breaks down fats, it releases metabolic heat, rather than producing 
adenosine triphosphate (ATP), a key molecule used in metabolism. 

Adipose Tissue 
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This is a loose connective tissue that consists of fat cells 
with little extracellular matrix. It stores fat for energy 
and provides insulation. LM x 800. (Micrograph 
provided by the Regents of University of Michigan 
Medical School © 2012) 


Areolar tissue shows little specialization. It contains all the cell types and 
fibers previously described and is distributed in a random, web-like fashion. 
It fills the spaces between muscle fibers, surrounds blood and lymph 
vessels, and supports organs in the abdominal cavity. Areolar tissue 
underlies most epithelia and represents the connective tissue component of 
epithelial membranes, which are described further in a later section. 


Reticular tissue is a mesh-like, supportive framework for soft organs such 
as lymphatic tissue, the spleen, and the liver ([link]). Reticular cells produce 
the reticular fibers that form the network onto which other cells attach. It 
derives its name from the Latin reticulus, which means “little net.” 

Re 


Reticular fibers 


This is a loose connective tissue made up of a network of 
reticular fibers that provides a supportive framework for 
soft organs. LM x 1600. (Micrograph provided by the 
Regents of University of Michigan Medical School © 
2012) 


Dense Connective Tissue 


Dense connective tissue contains more collagen fibers than does loose 
connective tissue. As a consequence, it displays greater resistance to 
stretching. There are two major categories of dense connective tissue: 
regular and irregular. Dense regular connective tissue fibers are parallel to 


each other, enhancing tensile strength and resistance to stretching in the 
direction of the fiber orientations. Ligaments and tendons are made of dense 
regular connective tissue, but in ligaments not all fibers are parallel. Dense 
regular elastic tissue contains elastin fibers in addition to collagen fibers, 
which allows the ligament to return to its original length after stretching. 
The ligaments in the vocal folds and between the vertebrae in the vertebral 
column are elastic. 


In dense irregular connective tissue, the direction of fibers is random. This 
arrangement gives the tissue greater strength in all directions and less 
strength in one particular direction. In some tissues, fibers crisscross and 
form a mesh. In other tissues, stretching in several directions is achieved by 
alternating layers where fibers run in the same orientation in each layer, and 
it is the layers themselves that are stacked at an angle. The dermis of the 
skin is an example of dense irregular connective tissue rich in collagen 
fibers. Dense irregular elastic tissues give arterial walls the strength and the 
ability to regain original shape after stretching ([link]). 

Dense Connective Tissue 
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(b) Irregular dense 


(a) Dense regular connective tissue consists of 
collagenous fibers packed into parallel bundles. (b) 
Dense irregular connective tissue consists of collagenous 


fibers interwoven into a mesh-like network. From top, 

LM x 1000, LM x 200. (Micrographs provided by the 

Regents of University of Michigan Medical School © 
2012) 


Note: 

Disorders of the... 

Connective Tissue: Tendinitis 

Your opponent stands ready as you prepare to hit the serve, but you are 
confident that you will smash the ball past your opponent. As you toss the 
ball high in the air, a buming pain shoots across your wrist and you drop 
the tennis racket. That dull ache in the wrist that you ignored through the 
summer is now an unbearable pain. The game is over for now. 

After examining your swollen wrist, the doctor in the emergency room 
announces that you have developed wrist tendinitis. She recommends icing 
the tender area, taking non-steroidal anti-inflammatory medication to ease 
the pain and to reduce swelling, and complete rest for a few weeks. She 
interrupts your protests that you cannot stop playing. She issues a stern 
warning about the risk of aggravating the condition and the possibility of 
surgery. She consoles you by mentioning that well known tennis players 
such as Venus and Serena Williams and Rafael Nadal have also suffered 
from tendinitis related injuries. 

What is tendinitis and how did it happen? Tendinitis is the inflammation of 
a tendon, the thick band of fibrous connective tissue that attaches a muscle 
to a bone. The condition causes pain and tenderness in the area around a 
joint. On rare occasions, a sudden serious injury will cause tendinitis. Most 
often, the condition results from repetitive motions over time that strain the 
tendons needed to perform the tasks. 

Persons whose jobs and hobbies involve performing the same movements 
over and over again are often at the greatest risk of tendinitis. You hear of 
tennis and golfer’s elbow, jumper's knee, and swimmer’s shoulder. In all 
cases, overuse of the joint causes a microtrauma that initiates the 
inflammatory response. Tendinitis is routinely diagnosed through a clinical 


examination. In case of severe pain, X-rays can be examined to rule out the 
possibility of a bone injury. Severe cases of tendinitis can even tear loose a 
tendon. Surgical repair of a tendon is painful. Connective tissue in the 
tendon does not have abundant blood supply and heals slowly. 

While older adults are at risk for tendinitis because the elasticity of tendon 
tissue decreases with age, active people of all ages can develop tendinitis. 
Young athletes, dancers, and computer operators; anyone who performs the 
Same movements constantly is at risk for tendinitis. Although repetitive 
motions are unavoidable in many activities and may lead to tendinitis, 
precautions can be taken that can lessen the probability of developing 
tendinitis. For active individuals, stretches before exercising and cross 
training or changing exercises are recommended. For the passionate 
athlete, it may be time to take some lessons to improve technique. All of 
the preventive measures aim to increase the strength of the tendon and 
decrease the stress put on it. With proper rest and managed care, you will 
be back on the court to hit that slice-spin serve over the net. 
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Watch this animation to learn more about tendonitis, a painful condition 
caused by swollen or injured tendons. 


Supportive Connective Tissues 


Two major forms of supportive connective tissue, cartilage and bone, allow 
the body to maintain its posture and protect internal organs. 


Cartilage 


The distinctive appearance of cartilage is due to polysaccharides called 
chondroitin sulfates, which bind with ground substance proteins to form 
proteoglycans. Embedded within the cartilage matrix are chondrocytes, or 
cartilage cells, and the space they occupy are called lacunae (singular = 
lacuna). A layer of dense irregular connective tissue, the perichondrium, 
encapsulates the cartilage. Cartilaginous tissue is avascular, thus all 
nutrients need to diffuse through the matrix to reach the chondrocytes. This 
is a factor contributing to the very slow healing of cartilaginous tissues. 


The three main types of cartilage tissue are hyaline cartilage, fibrocartilage, 
and elastic cartilage ([link]). Hyaline cartilage, the most common type of 
cartilage in the body, consists of short and dispersed collagen fibers and 
contains large amounts of proteoglycans. Under the microscope, tissue 
samples appear clear. The surface of hyaline cartilage is smooth. Both 
strong and flexible, it is found in the rib cage and nose and covers bones 
where they meet to form moveable joints. It makes up a template of the 
embryonic skeleton before bone formation. A plate of hyaline cartilage at 
the ends of bone allows continued growth until adulthood. Fibrocartilage 
is tough because it has thick bundles of collagen fibers dispersed through its 
matrix. The knee and jaw joints and the the intervertebral discs are 
examples of fibrocartilage. Elastic cartilage contains elastic fibers as well 
as collagen and proteoglycans. This tissue gives rigid support as well as 
elasticity. Tug gently at your ear lobes, and notice that the lobes return to 
their initial shape. The external ear contains elastic cartilage. 

Types of Cartilage 


(a) Hyaline cartilage 


Chondrocytes 
in lacunae 


Matrix 


(b) Fibrocartilage 


Chondrocyte 
in lacuna 


Collagen fiber 
in matrix 


(c) Elastic cartilage 


Chondrocyte 
in lacuna 
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Cartilage is a connective tissue consisting of 
collagenous fibers embedded in a firm matrix of 
chondroitin sulfates. (a) Hyaline cartilage provides 
support with some flexibility. The example is from 
dog tissue. (b) Fibrocartilage provides some 
compressibility and can absorb pressure. (c) Elastic 
cartilage provides firm but elastic support. From top, 
LM x 300, LM x 1200, LM x 1016. (Micrographs 
provided by the Regents of University of Michigan 
Medical School © 2012) 


Bone 


Bone is the hardest connective tissue. It provides protection to internal 
organs and supports the body. Bone’s rigid extracellular matrix contains 
mostly collagen fibers embedded in a mineralized ground substance 
containing hydroxyapatite, a form of calcium phosphate. Both components 
of the matrix, organic and inorganic, contribute to the unusual properties of 
bone. Without collagen, bones would be brittle and shatter easily. Without 
mineral crystals, bones would flex and provide little support. Osteocytes, 
bone cells like chondrocytes, are located within lacunae. The histology of 
transverse tissue from long bone shows a typical arrangement of osteocytes 
in concentric circles around a central canal. Bone is a highly vascularized 
tissue. Unlike cartilage, bone tissue can recover from injuries in a relatively 
short time. 


Cancellous bone looks like a sponge under the microscope and contains 
empty spaces between trabeculae, or arches of bone proper. It is lighter than 
compact bone and found in the interior of some bones and at the end of long 
bones. Compact bone is solid and has greater structural strength. 


Fluid Connective Tissue 


Blood and lymph are fluid connective tissues. Cells circulate in a liquid 
extracellular matrix. The formed elements circulating in blood are all 
derived from hematopoietic stem cells located in bone marrow ((Link]). 
Erythrocytes, red blood cells, transport oxygen and some carbon dioxide. 
Leukocytes, white blood cells, are responsible for defending against 
potentially harmful microorganisms or molecules. Platelets are cell 
fragments involved in blood clotting. Some white blood cells have the 
ability to cross the endothelial layer that lines blood vessels and enter 
adjacent tissues. Nutrients, salts, and wastes are dissolved in the liquid 
matrix and transported through the body. 


Lymph contains a liquid matrix and white blood cells. Lymphatic capillaries 
are extremely permeable, allowing larger molecules and excess fluid from 
interstitial spaces to enter the lymphatic vessels. Lymph drains into blood 
vessels, delivering molecules to the blood that could not otherwise directly 
enter the bloodstream. In this way, specialized lymphatic capillaries 
transport absorbed fats away from the intestine and deliver these molecules 
to the blood. 


Blood: A Fluid Connective Tissue 
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Blood is a fluid connective tissue containing 
erythrocytes and various types of leukocytes 
that circulate in a liquid extracellular matrix. 
LM x 1600. (Micrograph provided by the 
Regents of University of Michigan Medical 
School © 2012) 
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View the University of Michigan Webscope at 
http://virtualslides.med.umich.edu/Histology/Cardiovascular%20System/0 
81-3 HISTO 40X.svs/view.apml to explore the tissue sample in greater 
detail. 
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Visit this link to test your connective tissue knowledge with this 10- 
question quiz. Can you name the 10 tissue types shown in the histology 
slides? 


Chapter Review 


Connective tissue is a heterogeneous tissue with many cell shapes and 
tissue architecture. Structurally, all connective tissues contain cells that are 
embedded in an extracellular matrix stabilized by proteins. The chemical 
nature and physical layout of the extracellular matrix and proteins vary 
enormously among tissues, reflecting the variety of functions that 
connective tissue fulfills in the body. Connective tissues separate and 
cushion organs, protecting them from shifting or traumatic injury. Connect 
tissues provide support and assist movement, store and transport energy 
molecules, protect against infections, and contribute to temperature 
homeostasis. 


The major types of connective tissue are connective tissue proper, 
supportive tissue, and fluid tissue. Loose connective tissue proper includes 
adipose tissue, areolar tissue, and reticular tissue. These serve to hold 
organs and other tissues in place and, in the case of adipose tissue, isolate 


and store energy reserves. The matrix is the most abundant feature for loose 
tissue although adipose tissue does not have much extracellular matrix. 
Dense connective tissue proper is richer in fibers and may be regular, with 
fibers oriented in parallel as in ligaments and tendons, or irregular, with 
fibers oriented in several directions. Organ capsules (collagenous type) and 
walls of arteries (elastic type) contain dense irregular connective tissue. 
Cartilage and bone are supportive tissue. Cartilage contains chondrocytes 
and is somewhat flexible. Hyaline cartilage is smooth and clear, covers 
joints, and is found in the growing portion of bones. Fibrocartilage is tough 
because of extra collagen fibers and forms, among other things, the 
intervertebral discs. Elastic cartilage can stretch and recoil to its original 
shape because of its high content of elastic fibers. The matrix contains very 
few blood vessels. Bones are made of a rigid, mineralized matrix containing 
calcium salts, crystals, and osteocytes lodged in lacunae. Bone tissue is 
highly vascularized. Cancellous bone is spongy and less solid than compact 
bone. Fluid tissue, for example blood and lymph, is characterized by a 
liquid matrix and no supporting fibers. 


Review Questions 


Exercise: 


Problem: 
Connective tissue is made of which three essential components? 


a. cells, ground substance, and carbohydrate fibers 
b. cells, ground substance, and protein fibers 

c. collagen, ground substance, and protein fibers 
d. matrix, ground substance, and fluid 


Solution: 


B 


Exercise: 


Problem: 


Under the microscope, a tissue specimen shows cells located in spaces 
scattered in a transparent background. This is probably 


a. loose connective tissue 
b. a tendon 

c. bone 

d. hyaline cartilage 


Solution: 


D 


Exercise: 


Problem: Which connective tissue specializes in storage of fat? 


a. tendon 

b. adipose tissue 

c. reticular tissue 

d. dense connective tissue 


Solution: 


B 
Exercise: 
Problem: 


Ligaments connect bones together and withstand a lot of stress. What 
type of connective tissue should you expect ligaments to contain? 


a. areolar tissue 
b. adipose tissue 
c. dense regular connective tissue 


d. dense irregular connective tissue 


Solution: 


‘s 


Exercise: 


Problem:In bone, the main cells are 


a. fibroblasts 
b. chondrocytes 
c. lymphocytes 
d. osteocytes 


Solution: 


D 


Critical Thinking Questions 


Exercise: 


Problem: 


One of the main functions of connective tissue is to integrate organs 
and organ systems in the body. Discuss how blood fulfills this role. 


Solution: 


Blood is a fluid connective tissue, a variety of specialized cells that 
circulate in a watery fluid containing salts, nutrients, and dissolved 
proteins in a liquid extracellular matrix. Blood contains formed 
elements derived from bone marrow. Erythrocytes, or red blood cells, 
transport the gases oxygen and carbon dioxide. Leukocytes, or white 
blood cells, are responsible for the defense of the organism against 


potentially harmful microorganisms or molecules. Platelets are cell 
fragments involved in blood clotting. Some cells have the ability to 
cross the endothelial layer that lines vessels and enter adjacent tissues. 
Nutrients, salts, and waste are dissolved in the liquid matrix and 
transported through the body. 


Exercise: 
Problem: 


Why does an injury to cartilage, especially hyaline cartilage, heal 
much more slowly than a bone fracture? 


Solution: 


A layer of dense irregular connective tissue covers cartilage. No blood 
vessels supply cartilage tissue. Injuries to cartilage heal very slowly 
because cells and nutrients needed for repair diffuse slowly to the 
injury site. 


Glossary 


adipocytes 
lipid storage cells 


adipose tissue 
specialized areolar tissue rich in stored fat 


areolar tissue 
(also, loose connective tissue) a type of connective tissue proper that 
shows little specialization with cells dispersed in the matrix 


chondrocytes 
cells of the cartilage 


collagen fiber 
flexible fibrous proteins that give connective tissue tensile strength 


connective tissue proper 
connective tissue containing a viscous matrix, fibers, and cells. 


dense connective tissue 
connective tissue proper that contains many fibers that provide both 
elasticity and protection 


elastic cartilage 
type of cartilage, with elastin as the major protein, characterized by 
rigid support as well as elasticity 


elastic fiber 
fibrous protein within connective tissue that contains a high percentage 
of the protein elastin that allows the fibers to stretch and return to 
original size 


fibroblast 
most abundant cell type in connective tissue, secretes protein fibers 
and matrix into the extracellular space 


fibrocartilage 
tough form of cartilage, made of thick bundles of collagen fibers 
embedded in chondroitin sulfate ground substance 


fibrocyte 
less active form of fibroblast 


fluid connective tissue 
specialized cells that circulate in a watery fluid containing salts, 
nutrients, and dissolved proteins 


ground substance 
fluid or semi-fluid portion of the matrix 


hyaline cartilage 
most common type of cartilage, smooth and made of short collagen 
fibers embedded in a chondroitin sulfate ground substance 


lacunae 
(singular = lacuna) small spaces in bone or cartilage tissue that cells 
occupy 


loose connective tissue 
(also, areolar tissue) type of connective tissue proper that shows little 
specialization with cells dispersed in the matrix 


matrix 
extracellular material which is produced by the cells embedded in it, 
containing ground substance and fibers 


mesenchymal cell 
adult stem cell from which most connective tissue cells are derived 


mesenchyme 
embryonic tissue from which connective tissue cells derive 


mucous connective tissue 
specialized loose connective tissue present in the umbilical cord 


parenchyma 
functional cells of a gland or organ, in contrast with the supportive or 
connective tissue of a gland or organ 


reticular fiber 
fine fibrous protein, made of collagen subunits, which cross-link to 
form supporting “nets” within connective tissue 


reticular tissue 
type of loose connective tissue that provides a supportive framework 
to soft organs, such as lymphatic tissue, spleen, and the liver 


supportive connective tissue 
type of connective tissue that provides strength to the body and 
protects soft tissue 


Layers of the Skin 
By the end of this section, you will be able to: 


e Identify the components of the integumentary system 
Describe the layers of the skin and the functions of each layer 
e Identify and describe the hypodermis and deep fascia 
Describe the role of keratinocytes and their life cycle 

e Describe the role of melanocytes in skin pigmentation 


Although you may not typically think of the skin as an organ, it is in fact 
made of tissues that work together as a single structure to perform unique 
and critical functions. The skin and its accessory structures make up the 
integumentary system, which provides the body with overall protection. 
The skin is made of multiple layers of cells and tissues, which are held to 
underlying structures by connective tissue ({link]). The deeper layer of skin 
is well vascularized (has numerous blood vessels). It also has numerous 
sensory, and autonomic and sympathetic nerve fibers ensuring 
communication to and from the brain. 

Layers of Skin 
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The skin is composed of two main layers: the epidermis, 
made of closely packed epithelial cells, and the dermis, 
made of dense, irregular connective tissue that houses 
blood vessels, hair follicles, sweat glands, and other 
structures. Beneath the dermis lies the hypodermis, 
which is composed mainly of loose connective and fatty 
tissues. 
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The skin consists of two main layers and a closely associated layer. View 
this animation to learn more about layers of the skin. What are the basic 
functions of each of these layers? 


The Epidermis 


The epidermis is composed of keratinized, stratified squamous epithelium. 
It is made of four or five layers of epithelial cells, depending on its location 
in the body. It does not have any blood vessels within it (i.e., it is 
avascular). Skin that has four layers of cells is referred to as “thin skin.” 
From deep to superficial, these layers are the stratum basale, stratum 
spinosum, stratum granulosum, and stratum corneum. Most of the skin can 
be classified as thin skin. “Thick skin” is found only on the palms of the 
hands and the soles of the feet. It has a fifth layer, called the stratum 


lucidum, located between the stratum corneum and the stratum granulosum 
(Llink]). 
Thin Skin versus Thick Skin 


These slides show cross- 
sections of the epidermis and 
dermis of (a) thin and (b) 
thick skin. Note the 
significant difference in the 
thickness of the epithelial 
layer of the thick skin. From 
top, LM x 40, LM ~x 40. 
(Micrographs provided by the 
Regents of University of 
Michigan Medical School © 
2012) 


The cells in all of the layers except the stratum basale are called 
keratinocytes. A keratinocyte is a cell that manufactures and stores the 
protein keratin. Keratin is an intracellular fibrous protein that gives hair, 
nails, and skin their hardness and water-resistant properties. The 
keratinocytes in the stratum corneum are dead and regularly slough away, 
being replaced by cells from the deeper layers ({link]). 

Epidermis 


The epidermis is epithelium 
composed of multiple layers 
of cells. The basal layer 
consists of cuboidal cells, 
whereas the outer layers are 
squamous, keratinized cells, 
so the whole epithelium is 
often described as being 
keratinized stratified 
squamous epithelium. LM x 
40. (Micrograph provided by 
the Regents of University of 
Michigan Medical School © 
2012) 


Note: 
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View the University of Michigan WebScope to explore the tissue sample in 
greater detail. If you zoom on the cells at the outermost layer of this 
section of skin, what do you notice about the cells? 


Stratum Basale 


The stratum basale (also called the stratum germinativum) is the deepest 
epidermal layer and attaches the epidermis to the basal lamina, below which 
lie the layers of the dermis. The cells in the stratum basale bond to the 
dermis via intertwining collagen fibers, referred to as the basement 
membrane. A finger-like projection, or fold, known as the dermal papilla 
(plural = dermal papillae) is found in the superficial portion of the dermis. 
Dermal papillae increase the strength of the connection between the 
epidermis and dermis; the greater the folding, the stronger the connections 
made ([link]). 

Layers of the Epidermis 
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The epidermis of thick skin has five layers: stratum 
basale, stratum spinosum, stratum granulosum, stratum 
lucidum, and stratum corneum. 


The stratum basale is a single layer of cells primarily made of basal cells. A 
basal cell is a cuboidal-shaped stem cell that is a precursor of the 
keratinocytes of the epidermis. All of the keratinocytes are produced from 
this single layer of cells, which are constantly going through mitosis to 
produce new cells. As new cells are formed, the existing cells are pushed 
superficially away from the stratum basale. Two other cell types are found 
dispersed among the basal cells in the stratum basale. The first is a Merkel 
cell, which functions as a receptor and is responsible for stimulating 
sensory nerves that the brain perceives as touch. These cells are especially 
abundant on the surfaces of the hands and feet. The second is a melanocyte, 
a cell that produces the pigment melanin. Melanin gives hair and skin its 
color, and also helps protect the living cells of the epidermis from 
ultraviolet (UV) radiation damage. 


In a growing fetus, fingerprints form where the cells of the stratum basale 
meet the papillae of the underlying dermal layer (papillary layer), resulting 
in the formation of the ridges on your fingers that you recognize as 
fingerprints. Fingerprints are unique to each individual and are used for 
forensic analyses because the patterns do not change with the growth and 
aging processes. 


Stratum Spinosum 


As the name suggests, the stratum spinosum is spiny in appearance due to 
the protruding cell processes that join the cells via a structure called a 
desmosome. The desmosomes interlock with each other and strengthen the 
bond between the cells. It is interesting to note that the “spiny” nature of 
this layer is an artifact of the staining process. Unstained epidermis samples 
do not exhibit this characteristic appearance. The stratum spinosum is 
composed of eight to 10 layers of keratinocytes, formed as a result of cell 
division in the stratum basale ([link]). Interspersed among the keratinocytes 
of this layer is a type of dendritic cell called the Langerhans cell, which 
functions as a macrophage by engulfing bacteria, foreign particles, and 
damaged cells that occur in this layer. 

Cells of the Epidermis 
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The cells in the different layers of the epidermis originate 
from basal cells located in the stratum basale, yet the 
cells of each layer are distinctively different. EM x 2700. 
(Micrograph provided by the Regents of University of 
Michigan Medical School © 2012) 


Note: 
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View the University of Michigan WebScope to explore the tissue sample in 
greater detail. If you zoom on the cells at the outermost layer of this 
section of skin, what do you notice about the cells? 


The keratinocytes in the stratum spinosum begin the synthesis of keratin 
and release a water-repelling glycolipid that helps prevent water loss from 
the body, making the skin relatively waterproof. As new keratinocytes are 
produced atop the stratum basale, the keratinocytes of the stratum spinosum 
are pushed into the stratum granulosum. 


Stratum Granulosum 


The stratum granulosum has a grainy appearance due to further changes 
to the keratinocytes as they are pushed from the stratum spinosum. The 
cells (three to five layers deep) become flatter, their cell membranes 
thicken, and they generate large amounts of the proteins keratin, which is 
fibrous, and keratohyalin, which accumulates as lamellar granules within 
the cells (see [link]). These two proteins make up the bulk of the 
keratinocyte mass in the stratum granulosum and give the layer its grainy 
appearance. The nuclei and other cell organelles disintegrate as the cells 
die, leaving behind the keratin, keratohyalin, and cell membranes that will 
form the stratum lucidum, the stratum comeum, and the accessory 
structures of hair and nails. 


Stratum Lucidum 


The stratum lucidum is a smooth, seemingly translucent layer of the 
epidermis located just above the stratum granulosum and below the stratum 
corneum. This thin layer of cells is found only in the thick skin of the 
palms, soles, and digits. The keratinocytes that compose the stratum 
lucidum are dead and flattened (see [link]). These cells are densely packed 
with eleiden, a clear protein rich in lipids, derived from keratohyalin, which 


gives these cells their transparent (i.e., lucid) appearance and provides a 
barrier to water. 


Stratum Corneum 


The stratum corneum is the most superficial layer of the epidermis and is 
the layer exposed to the outside environment (see [link]). The increased 
keratinization (also called cornification) of the cells in this layer gives it its 
name. There are usually 15 to 30 layers of cells in the stratum corneum. 
This dry, dead layer helps prevent the penetration of microbes and the 
dehydration of underlying tissues, and provides a mechanical protection 
against abrasion for the more delicate, underlying layers. Cells in this layer 
are shed periodically and are replaced by cells pushed up from the stratum 
granulosum (or stratum lucidum in the case of the palms and soles of feet). 
The entire layer is replaced during a period of about 4 weeks. Cosmetic 
procedures, such as microdermabrasion, help remove some of the dry, upper 
layer and aim to keep the skin looking “fresh” and healthy. 


Dermis 


The dermis might be considered the “core” of the integumentary system 
(derma- = “skin”), as distinct from the epidermis (epi- = “upon” or “over” 
and hypodermis (hypo- = “below”). It contains blood and lymph vessels, 
nerves, and other structures, such as hair follicles and sweat glands. The 
dermis is made of two layers of connective tissue that compose an 
interconnected mesh of elastin and collagenous fibers, produced by 
fibroblasts ({link]). 


Layers of the Dermis 


This stained slide shows the two 
components of the dermis—the 
papillary layer and the reticular 
layer. Both are made of connective 
tissue with fibers of collagen 
extending from one to the other, 
making the border between the 
two somewhat indistinct. The 
dermal papillae extending into the 
epidermis belong to the papillary 
layer, whereas the dense collagen 
fiber bundles below belong to the 
reticular layer. LM x 10. (credit: 
modification of work by 
“kilbad”/Wikimedia Commons) 


Papillary Layer 


The papillary layer is made of loose, areolar connective tissue, which 
means the collagen and elastin fibers of this layer form a loose mesh. This 
superficial layer of the dermis projects into the stratum basale of the 
epidermis to form finger-like dermal papillae (see [link]). Within the 
papillary layer are fibroblasts, a small number of fat cells (adipocytes), and 
an abundance of small blood vessels. In addition, the papillary layer 
contains phagocytes, defensive cells that help fight bacteria or other 
infections that have breached the skin. This layer also contains lymphatic 
capillaries, nerve fibers, and touch receptors called the Meissner corpuscles. 


Reticular Layer 


Underlying the papillary layer is the much thicker reticular layer, 
composed of dense, irregular connective tissue. This layer is well 
vascularized and has a rich sensory and sympathetic nerve supply. The 
reticular layer appears reticulated (net-like) due to a tight meshwork of 
fibers. Elastin fibers provide some elasticity to the skin, enabling 
movement. Collagen fibers provide structure and tensile strength, with 
strands of collagen extending into both the papillary layer and the 
hypodermis. In addition, collagen binds water to keep the skin hydrated. 
Collagen injections and Retin-A creams help restore skin turgor by either 
introducing collagen externally or stimulating blood flow and repair of the 
dermis, respectively. 


Hypodermis 


The hypodermis (also called the subcutaneous layer or superficial fascia) is 
a layer directly below the dermis and serves to connect the skin to the 
underlying fascia (fibrous tissue) of the bones and muscles. It is not strictly 
a part of the skin, although the border between the hypodermis and dermis 
can be difficult to distinguish. The hypodermis consists of well- 
vascularized, loose, areolar connective tissue and adipose tissue, which 


functions as a mode of fat storage and provides insulation and cushioning 
for the integument. 


Note: 

Everyday Connection 

Lipid Storage 

The hypodermis is home to most of the fat that concerns people when they 
are trying to keep their weight under control. Adipose tissue present in the 
hypodermis consists of fat-storing cells called adipocytes. This stored fat 
can serve as an energy reserve, insulate the body to prevent heat loss, and 
act as a cushion to protect underlying structures from trauma. 

Where the fat is deposited and accumulates within the hypodermis depends 
on hormones (testosterone, estrogen, insulin, glucagon, leptin, and others), 
as well as genetic factors. Fat distribution changes as our bodies mature 
and age. Men tend to accumulate fat in different areas (neck, arms, lower 
back, and abdomen) than do women (breasts, hips, thighs, and buttocks). 
The body mass index (BMI) is often used as a measure of fat, although this 
measure is, in fact, derived from a mathematical formula that compares 
body weight (mass) to height. Therefore, its accuracy as a health indicator 
can be called into question in individuals who are extremely physically fit. 
In many animals, there is a pattern of storing excess calories as fat to be 
used in times when food is not readily available. In much of the developed 
world, insufficient exercise coupled with the ready availability and 
consumption of high-calorie foods have resulted in unwanted 
accumulations of adipose tissue in many people. Although periodic 
accumulation of excess fat may have provided an evolutionary advantage 
to our ancestors, who experienced unpredictable bouts of famine, it is now 
becoming chronic and considered a major health threat. Recent studies 
indicate that a distressing percentage of our population is overweight 
and/or clinically obese. Not only is this a problem for the individuals 
affected, but it also has a severe impact on our healthcare system. Changes 
in lifestyle, specifically in diet and exercise, are the best ways to control 
body fat accumulation, especially when it reaches levels that increase the 
risk of heart disease and diabetes. 


Pigmentation 


The color of skin is influenced by a number of pigments, including melanin, 
carotene, and hemoglobin. Recall that melanin is produced by cells called 
melanocytes, which are found scattered throughout the stratum basale of the 
epidermis. The melanin is transferred into the keratinocytes via a cellular 
vesicle called a melanosome ((link]). 

Skin Pigmentation 
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The relative coloration of the skin depends of the amount of 
melanin produced by melanocytes in the stratum basale and 
taken up by keratinocytes. 


Melanin occurs in two primary forms. Eumelanin exists as black and 
brown, whereas pheomelanin provides a red color. Dark-skinned 
individuals produce more melanin than those with pale skin. Exposure to 


the UV rays of the sun or a tanning salon causes melanin to be 
manufactured and built up in keratinocytes, as sun exposure stimulates 
keratinocytes to secrete chemicals that stimulate melanocytes. The 
accumulation of melanin in keratinocytes results in the darkening of the 
skin, or a tan. This increased melanin accumulation protects the DNA of 
epidermal cells from UV ray damage and the breakdown of folic acid, a 
nutrient necessary for our health and well-being. In contrast, too much 
melanin can interfere with the production of vitamin D, an important 
nutrient involved in calcium absorption. Thus, the amount of melanin 
present in our skin is dependent on a balance between available sunlight 
and folic acid destruction, and protection from UV radiation and vitamin D 
production. 


It requires about 10 days after initial sun exposure for melanin synthesis to 
peak, which is why pale-skinned individuals tend to suffer sunburns of the 
epidermis initially. Dark-skinned individuals can also get sunburns, but are 
more protected than are pale-skinned individuals. Melanosomes are 
temporary structures that are eventually destroyed by fusion with 
lysosomes; this fact, along with melanin-filled keratinocytes in the stratum 
corneum sloughing off, makes tanning impermanent. 


Too much sun exposure can eventually lead to wrinkling due to the 
destruction of the cellular structure of the skin, and in severe cases, can 
cause sufficient DNA damage to result in skin cancer. When there is an 
irregular accumulation of melanocytes in the skin, freckles appear. Moles 
are larger masses of melanocytes, and although most are benign, they 
should be monitored for changes that might indicate the presence of cancer 
({link]). 

Moles 


Moles range from benign accumulations 
of melanocytes to melanomas. These 
structures populate the landscape of our 
skin. (credit: the National Cancer 
Institute) 


Note: 

Disorders of the... 

Integumentary System 

The first thing a clinician sees is the skin, and so the examination of the 
skin should be part of any thorough physical examination. Most skin 
disorders are relatively benign, but a few, including melanomas, can be 
fatal if untreated. A couple of the more noticeable disorders, albinism and 
vitiligo, affect the appearance of the skin and its accessory organs. 
Although neither is fatal, it would be hard to claim that they are benign, at 
least to the individuals so afflicted. 


Albinism is a genetic disorder that affects (completely or partially) the 
coloring of skin, hair, and eyes. The defect is primarily due to the inability 
of melanocytes to produce melanin. Individuals with albinism tend to 
appear white or very pale due to the lack of melanin in their skin and hair. 
Recall that melanin helps protect the skin from the harmful effects of UV 
radiation. Individuals with albinism tend to need more protection from UV 
radiation, as they are more prone to sunburns and skin cancer. They also 
tend to be more sensitive to light and have vision problems due to the lack 
of pigmentation on the retinal wall. Treatment of this disorder usually 
involves addressing the symptoms, such as limiting UV light exposure to 
the skin and eyes. In vitiligo, the melanocytes in certain areas lose their 
ability to produce melanin, possibly due to an autoimmune reaction. This 
leads to a loss of color in patches ({link]). Neither albinism nor vitiligo 
directly affects the lifespan of an individual. 

Vitiligo 


Individuals with 
vitiligo experience 
depigmentation that 
results in lighter 
colored patches of skin. 
The condition is 
especially noticeable 


on darker skin. (credit: 
Klaus D. Peter) 


Other changes in the appearance of skin coloration can be indicative of 
diseases associated with other body systems. Liver disease or liver cancer 
can cause the accumulation of bile and the yellow pigment bilirubin, 
leading to the skin appearing yellow or jaundiced (jaune is the French 
word for “yellow”). Tumors of the pituitary gland can result in the 
secretion of large amounts of melanocyte-stimulating hormone (MSH), 
which results in a darkening of the skin. Similarly, Addison’s disease can 
stimulate the release of excess amounts of adrenocorticotropic hormone 
(ACTH), which can give the skin a deep bronze color. A sudden drop in 
oxygenation can affect skin color, causing the skin to initially turn ashen 
(white). With a prolonged reduction in oxygen levels, dark red 
deoxyhemoglobin becomes dominant in the blood, making the skin appear 
blue, a condition referred to as cyanosis (kyanos is the Greek word for 
“blue”). This happens when the oxygen supply is restricted, as when 
someone is experiencing difficulty in breathing because of asthma or a 
heart attack. However, in these cases the effect on skin color has nothing 
do with the skin’s pigmentation. 
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This ABC video follows the story of a pair of fraternal African-American 
twins, one of whom is albino. Watch this video to learn about the 
challenges these children and their family face. Which ethnicities do you 
think are exempt from the possibility of albinism? 


Chapter Review 


The skin is composed of two major layers: a superficial epidermis and a 
deeper dermis. The epidermis consists of several layers beginning with the 
innermost (deepest) stratum basale (germinatum), followed by the stratum 
spinosum, stratum granulosum, stratum lucidum (when present), and ending 
with the outermost layer, the stratum corneum. The topmost layer, the 
stratum corneum, consists of dead cells that shed periodically and is 
progressively replaced by cells formed from the basal layer. The stratum 
basale also contains melanocytes, cells that produce melanin, the pigment 
primarily responsible for giving skin its color. Melanin is transferred to 
keratinocytes in the stratum spinosum to protect cells from UV rays. 


The dermis connects the epidermis to the hypodermis, and provides strength 
and elasticity due to the presence of collagen and elastin fibers. It has only 
two layers: the papillary layer with papillae that extend into the epidermis 
and the lower, reticular layer composed of loose connective tissue. The 
hypodermis, deep to the dermis of skin, is the connective tissue that 
connects the dermis to underlying structures; it also harbors adipose tissue 
for fat storage and protection. 


Interactive Link Questions 


Exercise: 
Problem: 
The skin consists of two layers and a closely associated layer. View 


this animation to learn more about layers of the skin. What are the 
basic functions of each of these layers? 


Solution: 


The epidermis provides protection, the dermis provides support and 
flexibility, and the hypodermis (fat layer) provides insulation and 
padding. 


Exercise: 


Problem: 


[link] If you zoom on the cells at the outermost layer of this section of 
skin, what do you notice about the cells? 


Solution: 


[link] These cells do not have nuclei, so you can deduce that they are 
dead. They appear to be sloughing off. 

Exercise: 
Problem: 


[link] If you zoom on the cells of the stratum spinosum, what is 
distinctive about them? 


Solution: 


[link] These cells have desmosomes, which give the cells their spiny 
appearance. 


Exercise: 
Problem: 
This ABC video follows the story of a pair of fraternal African- 
American twins, one of whom is albino. Watch this video to learn 
about the challenges these children and their family face. Which 
ethnicities do you think are exempt from the possibility of albinism? 


Solution: 


There are none. 


Review Questions 


Exercise: 


Problem: 


The papillary layer of the dermis is most closely associated with which 
layer of the epidermis? 


a. stratum spinosum 
b. stratum corneum 

c. stratum granulosum 
d. stratum basale 


Solution: 


D 


Exercise: 


Problem:Langerhans cells are commonly found in the 


a. stratum spinosum 
b. stratum corneum 

c. stratum granulosum 
d. stratum basale 


Solution: 


A 
Exercise: 
Problem: 


The papillary and reticular layers of the dermis are composed mainly 
of 


a. melanocytes 
b. keratinocytes 
c. connective tissue 


d. adipose tissue 


Solution: 
C 
Exercise: 
Problem: Collagen lends to the skin. 
a. elasticity 
b. structure 


c. color 
d. UV protection 


Solution: 


B 


Exercise: 


Problem: Which of the following is not a function of the hypodermis? 
a. protects underlying organs 
b. helps maintain body temperature 
c. source of blood vessels in the epidermis 
d. a site to long-term energy storage 


Solution: 


C 


Critical Thinking Questions 


Exercise: 


Problem: 


What determines the color of skin, and what is the process that darkens 
skin when it is exposed to UV light? 


Solution: 


The pigment melanin, produced by melanocytes, is primarily 
responsible for skin color. Melanin comes in different shades of brown 
and black. Individuals with darker skin have darker, more abundant 
melanin, whereas fair-skinned individuals have a lighter shade of skin 
and less melanin. Exposure to UV irradiation stimulates the 
melanocytes to produce and secrete more melanin. 


Exercise: 


Problem: 


Cells of the epidermis derive from stem cells of the stratum basale. 
Describe how the cells change as they become integrated into the 
different layers of the epidermis. 


Solution: 


As the cells move into the stratum spinosum, they begin the synthesis 
of keratin and extend cell processes, desmosomes, which link the cells. 
As the stratum basale continues to produce new cells, the keratinocytes 
of the stratum spinosum are pushed into the stratum granulosum. The 
cells become flatter, their cell membranes thicken, and they generate 
large amounts of the proteins keratin and keratohyalin. The nuclei and 
other cell organelles disintegrate as the cells die, leaving behind the 
keratin, keratohyalin, and cell membranes that form the stratum 
lucidum and the stratum corneum. The keratinocytes in these layers are 
mostly dead and flattened. Cells in the stratum corneum are 
periodically shed. 


Glossary 


albinism 
genetic disorder that affects the skin, in which there is no melanin 
production 


basal cell 
type of stem cell found in the stratum basale and in the hair matrix that 
continually undergoes cell division, producing the keratinocytes of the 
epidermis 


dermal papilla 
(plural = dermal papillae) extension of the papillary layer of the dermis 
that increases surface contact between the epidermis and dermis 


dermis 
layer of skin between the epidermis and hypodermis, composed mainly 
of connective tissue and containing blood vessels, hair follicles, sweat 
glands, and other structures 


desmosome 
structure that forms an impermeable junction between cells 


elastin fibers 
fibers made of the protein elastin that increase the elasticity of the 
dermis 


eleiden 
clear protein-bound lipid found in the stratum lucidum that is derived 
from keratohyalin and helps to prevent water loss 


epidermis 
outermost tissue layer of the skin 


hypodermis 
connective tissue connecting the integument to the underlying bone 
and muscle 


integumentary system 
skin and its accessory structures 


keratin 
type of structural protein that gives skin, hair, and nails its hard, water- 
resistant properties 


keratinocyte 
cell that produces keratin and is the most predominant type of cell 
found in the epidermis 


keratohyalin 
granulated protein found in the stratum granulosum 


Langerhans cell 
specialized dendritic cell found in the stratum spinosum that functions 
as a macrophage 


melanin 
pigment that determines the color of hair and skin 


melanocyte 
cell found in the stratum basale of the epidermis that produces the 
pigment melanin 


melanosome 
intercellular vesicle that transfers melanin from melanocytes into 
keratinocytes of the epidermis 


Merkel cell 
receptor cell in the stratum basale of the epidermis that responds to the 
sense of touch 


papillary layer 
superficial layer of the dermis, made of loose, areolar connective tissue 


reticular layer 
deeper layer of the dermis; it has a reticulated appearance due to the 
presence of abundant collagen and elastin fibers 


stratum basale 


deepest layer of the epidermis, made of epidermal stem cells 


stratum corneum 
most superficial layer of the epidermis 


stratum granulosum 
layer of the epidermis superficial to the stratum spinosum 


stratum lucidum 
layer of the epidermis between the stratum granulosum and stratum 
corneum, found only in thick skin covering the palms, soles of the feet, 
and digits 


stratum spinosum 
layer of the epidermis superficial to the stratum basale, characterized 
by the presence of desmosomes 


vitiligo 
skin condition in which melanocytes in certain areas lose the ability to 
produce melanin, possibly due an autoimmune reaction that leads to 
loss of color in patches 


Accessory Structures of the Skin 
By the end of this section, you will be able to: 


e Identify the accessory structures of the skin 

e Describe the structure and function of hair and nails 

e Describe the structure and function of sweat glands and sebaceous 
glands 


Accessory structures of the skin include hair, nails, sweat glands, and 
sebaceous glands. These structures embryologically originate from the 
epidermis and can extend down through the dermis into the hypodermis. 


Hair 


Hair is a keratinous filament growing out of the epidermis. It is primarily 
made of dead, keratinized cells. Strands of hair originate in an epidermal 
penetration of the dermis called the hair follicle. The hair shaft is the part 
of the hair not anchored to the follicle, and much of this is exposed at the 
skin’s surface. The rest of the hair, which is anchored in the follicle, lies 
below the surface of the skin and is referred to as the hair root. The hair 
root ends deep in the dermis at the hair bulb, and includes a layer of 
mitotically active basal cells called the hair matrix. The hair bulb 
surrounds the hair papilla, which is made of connective tissue and contains 
blood capillaries and nerve endings from the dermis ([link]). 
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Hair follicles originate in the 
epidermis and have many 
different parts. 


Just as the basal layer of the epidermis forms the layers of epidermis that 
get pushed to the surface as the dead skin on the surface sheds, the basal 
cells of the hair bulb divide and push cells outward in the hair root and shaft 
as the hair grows. The medulla forms the central core of the hair, which is 
surrounded by the cortex, a layer of compressed, keratinized cells that is 
covered by an outer layer of very hard, keratinized cells known as the 
cuticle. These layers are depicted in a longitudinal cross-section of the hair 
follicle ([link]), although not all hair has a medullary layer. Hair texture 
(straight, curly) is determined by the shape and structure of the cortex, and 
to the extent that it is present, the medulla. The shape and structure of these 
layers are, in turn, determined by the shape of the hair follicle. Hair growth 
begins with the production of keratinocytes by the basal cells of the hair 
bulb. As new cells are deposited at the hair bulb, the hair shaft is pushed 
through the follicle toward the surface. Keratinization is completed as the 


cells are pushed to the skin surface to form the shaft of hair that is 
externally visible. The external hair is completely dead and composed 
entirely of keratin. For this reason, our hair does not have sensation. 
Furthermore, you can cut your hair or shave without damaging the hair 
structure because the cut is superficial. Most chemical hair removers also 
act superficially; however, electrolysis and yanking both attempt to destroy 
the hair bulb so hair cannot grow. 

Hair Follicle 


The slide shows a cross-section of a hair 
follicle. Basal cells of the hair matrix in 
the center differentiate into cells of the 
inner root sheath. Basal cells at the base 

of the hair root form the outer root sheath. 

LM x 4. (credit: modification of work by 

“kilbad”/Wikimedia Commons) 


The wall of the hair follicle is made of three concentric layers of cells. The 
cells of the internal root sheath surround the root of the growing hair and 
extend just up to the hair shaft. They are derived from the basal cells of the 
hair matrix. The external root sheath, which is an extension of the 
epidermis, encloses the hair root. It is made of basal cells at the base of the 
hair root and tends to be more keratinous in the upper regions. The glassy 


membrane is a thick, clear connective tissue sheath covering the hair root, 
connecting it to the tissue of the dermis. 


Note: 
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The hair follicle is made of multiple layers of cells that form from basal 
cells in the hair matrix and the hair root. Cells of the hair matrix divide and 
differentiate to form the layers of the hair. Watch this video to learn more 
about hair follicles. 


Hair serves a variety of functions, including protection, sensory input, 
thermoregulation, and communication. For example, hair on the head 
protects the skull from the sun. The hair in the nose and ears, and around 
the eyes (eyelashes) defends the body by trapping and excluding dust 
particles that may contain allergens and microbes. Hair of the eyebrows 
prevents sweat and other particles from dripping into and bothering the 
eyes. Hair also has a sensory function due to sensory innervation by a hair 
root plexus surrounding the base of each hair follicle. Hair is extremely 
sensitive to air movement or other disturbances in the environment, much 
more so than the skin surface. This feature is also useful for the detection of 
the presence of insects or other potentially damaging substances on the skin 
surface. Each hair root is connected to a smooth muscle called the arrector 
pili that contracts in response to nerve signals from the sympathetic nervous 
system, making the external hair shaft “stand up.” The primary purpose for 
this is to trap a layer of air to add insulation. This is visible in humans as 
goose bumps and even more obvious in animals, such as when a frightened 
cat raises its fur. Of course, this is much more obvious in organisms with a 
heavier coat than most humans, such as dogs and cats. 


Hair Growth 


Hair grows and is eventually shed and replaced by new hair. This occurs in 
three phases. The first is the anagen phase, during which cells divide 
rapidly at the root of the hair, pushing the hair shaft up and out. The length 
of this phase is measured in years, typically from 2 to 7 years. The catagen 
phase lasts only 2 to 3 weeks, and marks a transition from the hair follicle’s 
active growth. Finally, during the telogen phase, the hair follicle is at rest 
and no new growth occurs. At the end of this phase, which lasts about 2 to 4 
months, another anagen phase begins. The basal cells in the hair matrix then 
produce a new hair follicle, which pushes the old hair out as the growth 
cycle repeats itself. Hair typically grows at the rate of 0.3 mm per day 
during the anagen phase. On average, 50 hairs are lost and replaced per day. 
Hair loss occurs if there is more hair shed than what is replaced and can 
happen due to hormonal or dietary changes. Hair loss can also result from 
the aging process, or the influence of hormones. 


Hair Color 


Similar to the skin, hair gets its color from the pigment melanin, produced 
by melanocytes in the hair papilla. Different hair color results from 
differences in the type of melanin, which is genetically determined. As a 
person ages, the melanin production decreases, and hair tends to lose its 
color and becomes gray and/or white. 


Nails 


The nail bed is a specialized structure of the epidermis that is found at the 
tips of our fingers and toes. The nail body is formed on the nail bed, and 
protects the tips of our fingers and toes as they are the farthest extremities 
and the parts of the body that experience the maximum mechanical stress 
({link]). In addition, the nail body forms a back-support for picking up 

small objects with the fingers. The nail body is composed of densely packed 
dead keratinocytes. The epidermis in this part of the body has evolved a 
specialized structure upon which nails can form. The nail body forms at the 


nail root, which has a matrix of proliferating cells from the stratum basale 
that enables the nail to grow continuously. The lateral nail fold overlaps the 
nail on the sides, helping to anchor the nail body. The nail fold that meets 
the proximal end of the nail body forms the nail cuticle, also called the 
eponychium. The nail bed is rich in blood vessels, making it appear pink, 
except at the base, where a thick layer of epithelium over the nail matrix 
forms a crescent-shaped region called the lunula (the “little moon”). The 
area beneath the free edge of the nail, furthest from the cuticle, is called the 
hyponychium. It consists of a thickened layer of stratum corneum. 

Nails 
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The nail is an accessory structure of the integumentary 
system. 
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Nails are accessory structures of the integumentary system. Visit this link 
to learn more about the origin and growth of fingernails. 


Sweat Glands 


When the body becomes warm, sudoriferous glands produce sweat to cool 
the body. Sweat glands develop from epidermal projections into the dermis 
and are classified as merocrine glands; that is, the secretions are excreted by 
exocytosis through a duct without affecting the cells of the gland. There are 
two types of sweat glands, each secreting slightly different products. 


An eccrine sweat gland is type of gland that produces a hypotonic sweat 
for thermoregulation. These glands are found all over the skin’s surface, but 
are especially abundant on the palms of the hand, the soles of the feet, and 
the forehead ([link]). They are coiled glands lying deep in the dermis, with 
the duct rising up to a pore on the skin surface, where the sweat is released. 
This type of sweat, released by exocytosis, is hypotonic and composed 
mostly of water, with some salt, antibodies, traces of metabolic waste, and 
dermicidin, an antimicrobial peptide. Eccrine glands are a primary 
component of thermoregulation in humans and thus help to maintain 
homeostasis. 

Eccrine Gland 


Skin surface 


Eccrine sweat 
gland 


Eccrine glands are coiled glands in the 
dermis that release sweat that is 


mostly water. 


An apocrine sweat gland is usually associated with hair follicles in densely 
hairy areas, such as armpits and genital regions. Apocrine sweat glands are 
larger than eccrine sweat glands and lie deeper in the dermis, sometimes 
even reaching the hypodermis, with the duct normally emptying into the 
hair follicle. In addition to water and salts, apocrine sweat includes organic 
compounds that make the sweat thicker and subject to bacterial 
decomposition and subsequent smell. The release of this sweat is under 
both nervous and hormonal control, and plays a role in the poorly 
understood human pheromone response. Most commercial antiperspirants 
use an aluminum-based compound as their primary active ingredient to stop 
sweat. When the antiperspirant enters the sweat gland duct, the aluminum- 
based compounds precipitate due to a change in pH and form a physical 
block in the duct, which prevents sweat from coming out of the pore. 
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Sweating regulates body temperature. The composition of the sweat 
determines whether body odor is a byproduct of sweating. Visit this link to 
learn more about sweating and body odor. 


Sebaceous Glands 


A sebaceous gland is a type of oil gland that is found all over the body and 
helps to lubricate and waterproof the skin and hair. Most sebaceous glands 


are associated with hair follicles. They generate and excrete sebum, a 
mixture of lipids, onto the skin surface, thereby naturally lubricating the dry 
and dead layer of keratinized cells of the stratum corneum, keeping it 
pliable. The fatty acids of sebum also have antibacterial properties, and 
prevent water loss from the skin in low-humidity environments. The 
secretion of sebum is stimulated by hormones, many of which do not 
become active until puberty. Thus, sebaceous glands are relatively inactive 
during childhood. 


Chapter Review 


Accessory structures of the skin include hair, nails, sweat glands, and 
sebaceous glands. Hair is made of dead keratinized cells, and gets its color 
from melanin pigments. Nails, also made of dead keratinized cells, protect 
the extremities of our fingers and toes from mechanical damage. Sweat 
glands and sebaceous glands produce sweat and sebum, respectively. Each 
of these fluids has a role to play in maintaining homeostasis. Sweat cools 
the body surface when it gets overheated and helps excrete small amounts 
of metabolic waste. Sebum acts as a natural moisturizer and keeps the dead, 
flaky, outer keratin layer healthy. 


Review Questions 


Exercise: 
Problem: 


In response to stimuli from the sympathetic nervous system, the 
arrector pili 


a. are glands on the skin surface 

b. can lead to excessive sweating 
c. are responsible for goose bumps 
d. secrete sebum 


Solution: 


C 


Exercise: 


Problem:The hair matrix contains 


a. the hair follicle 

b. the hair shaft 

c. the glassy membrane 
d. a layer of basal cells 


Solution: 


D 


Exercise: 


Problem:Eccrine sweat glands 


a. are present on hair 

b. are present in the skin throughout the body and produce watery 
Sweat 

c. produce sebum 

d. act as a moisturizer 


Solution: 


B 


Exercise: 


Problem: Sebaceous glands 


a. are a type of sweat gland 

b. are associated with hair follicles 

c. may function in response to touch 

d. release a watery solution of salt and metabolic waste 


Solution: 


B 
Exercise: 


Problem: 


Similar to the hair, nails grow continuously throughout our lives. 
Which of the following is furthest from the nail growth center? 


a. nail bed 

b. hyponychium 
c. nail root 

d. eponychium 


Solution: 


B 


Critical Thinking Questions 


Exercise: 


Problem: 


Explain the differences between eccrine and apocrine sweat glands. 


Solution: 


Eccrine sweat glands are all over the body, especially the forehead and 
palms of the hand. They release a watery sweat, mixed with some 
metabolic waste and antibodies. Apocrine glands are associated with 
hair follicles. They are larger than eccrine sweat glands and lie deeper 
in the dermis, sometimes even reaching the hypodermis. They release 


a thicker sweat that is often decomposed by bacteria on the skin, 
resulting in an unpleasant odor. 


Exercise: 


Problem: Describe the structure and composition of nails. 


Solution: 


Nails are composed of densely packed dead keratinocytes. They 
protect the fingers and toes from mechanical stress. The nail body is 
formed on the nail bed, which is at the nail root. Nail folds, folds of 
skin that overlap the nail on its side, secure the nail to the body. The 
crescent-shaped region at the base of the nail is the lunula. 


Glossary 


anagen 
active phase of the hair growth cycle 


apocrine sweat gland 
type of sweat gland that is associated with hair follicles in the armpits 
and genital regions 


arrector pili 
smooth muscle that is activated in response to external stimuli that pull 
on hair follicles and make the hair “stand up” 


catagen 
transitional phase marking the end of the anagen phase of the hair 
growth cycle 


cortex 
in hair, the second or middle layer of keratinocytes originating from 
the hair matrix, as seen in a cross-section of the hair bulb 


cuticle 


in hair, the outermost layer of keratinocytes originating from the hair 
matrix, as seen in a cross-section of the hair bulb 


eccrine sweat gland 
type of sweat gland that is common throughout the skin surface; it 
produces a hypotonic sweat for thermoregulation 


eponychium 
nail fold that meets the proximal end of the nail body, also called the 
cuticle 


external root sheath 
outer layer of the hair follicle that is an extension of the epidermis, 
which encloses the hair root 


glassy membrane 
layer of connective tissue that surrounds the base of the hair follicle, 
connecting it to the dermis 


hair 
keratinous filament growing out of the epidermis 


hair bulb 
structure at the base of the hair root that surrounds the dermal papilla 


hair follicle 
cavity or sac from which hair originates 


hair matrix 
layer of basal cells from which a strand of hair grows 


hair papilla 
mass of connective tissue, blood capillaries, and nerve endings at the 


base of the hair follicle 


hair root 
part of hair that is below the epidermis anchored to the follicle 


hair shaft 


part of hair that is above the epidermis but is not anchored to the 
follicle 


hyponychium 
thickened layer of stratum corneum that lies below the free edge of the 
nail 


internal root sheath 
innermost layer of keratinocytes in the hair follicle that surround the 
hair root up to the hair shaft 


lunula 
basal part of the nail body that consists of a crescent-shaped layer of 
thick epithelium 


medulla 
in hair, the innermost layer of keratinocytes originating from the hair 
matrix 


nail bed 
layer of epidermis upon which the nail body forms 


nail body 
main keratinous plate that forms the nail 


nail cuticle 
fold of epithelium that extends over the nail bed, also called the 
eponychium 


nail fold 
fold of epithelium at that extend over the sides of the nail body, 
holding it in place 


nail root 
part of the nail that is lodged deep in the epidermis from which the nail 
gTOWS 


sebaceous gland 


type of oil gland found in the dermis all over the body and helps to 
lubricate and waterproof the skin and hair by secreting sebum 


sebum 
oily substance that is composed of a mixture of lipids that lubricates 
the skin and hair 


sudoriferous gland 
sweat gland 


telogen 
resting phase of the hair growth cycle initiated with catagen and 
terminated by the beginning of a new anagen phase of hair growth 


Classification of Joints 
By the end of this section, you will be able to: 


e Distinguish between the functional and structural classifications for 
joints 

¢ Describe the three functional types of joints and give an example of 
each 

e List the three types of diarthrodial joints 


A joint, also called an articulation, is any place where adjacent bones or 
bone and cartilage come together (articulate with each other) to form a 
connection. Joints are classified both structurally and functionally. 
Structural classifications of joints take into account whether the adjacent 
bones are strongly anchored to each other by fibrous connective tissue or 
cartilage, or whether the adjacent bones articulate with each other within a 
fluid-filled space called a joint cavity. Functional classifications describe 
the degree of movement available between the bones, ranging from 
immobile, to slightly mobile, to freely moveable joints. The amount of 
movement available at a particular joint of the body is related to the 
functional requirements for that joint. Thus immobile or slightly moveable 
joints serve to protect internal organs, give stability to the body, and allow 
for limited body movement. In contrast, freely moveable joints allow for 
much more extensive movements of the body and limbs. 


Structural Classification of Joints 


The structural classification of joints is based on whether the articulating 
surfaces of the adjacent bones are directly connected by fibrous connective 
tissue or cartilage, or whether the articulating surfaces contact each other 
within a fluid-filled joint cavity. These differences serve to divide the joints 
of the body into three structural classifications. A fibrous joint is where the 
adjacent bones are united by fibrous connective tissue. At a cartilaginous 
joint, the bones are joined by hyaline cartilage or fibrocartilage. At a 
synovial joint, the articulating surfaces of the bones are not directly 
connected, but instead come into contact with each other within a joint 
cavity that is filled with a lubricating fluid. Synovial joints allow for free 
movement between the bones and are the most common joints of the body. 


Functional Classification of Joints 


The functional classification of joints is determined by the amount of 
mobility found between the adjacent bones. Joints are thus functionally 
classified as a synarthrosis or immobile joint, an amphiarthrosis or slightly 
moveable joint, or as a diarthrosis, which is a freely moveable joint 
(arthroun = “to fasten by a joint”). Depending on their location, fibrous 
joints may be functionally classified as a synarthrosis (immobile joint) or an 
amphiarthrosis (slightly mobile joint). Cartilaginous joints are also 
functionally classified as either a synarthrosis or an amphiarthrosis joint. 
All synovial joints are functionally classified as a diarthrosis joint. 


Synarthrosis 


An immobile or nearly immobile joint is called a synarthrosis. The 
immobile nature of these joints provide for a strong union between the 
articulating bones. This is important at locations where the bones provide 
protection for internal organs. Examples include sutures, the fibrous joints 
between the bones of the skull that surround and protect the brain ([link]), 
and the manubriosternal joint, the cartilaginous joint that unites the 
manubrium and body of the sternum for protection of the heart. 

Suture Joints of Skull 


Coronal 
suture 


Lambdoid Squamous 
suture suture 


The suture joints of the skull are an 
example of a synarthrosis, an 
immobile or essentially immobile 
joint. 


Amphiarthrosis 


An amphiarthrosis is a joint that has limited mobility. An example of this 
type of joint is the cartilaginous joint that unites the bodies of adjacent 
vertebrae. Filling the gap between the vertebrae is a thick pad of 
fibrocartilage called an intervertebral disc ({link]). Each intervertebral disc 
strongly unites the vertebrae but still allows for a limited amount of 
movement between them. However, the small movements available 
between adjacent vertebrae can sum together along the length of the 
vertebral column to provide for large ranges of body movements. 


Another example of an amphiarthrosis is the pubic symphysis of the pelvis. 

This is a cartilaginous joint in which the pubic regions of the right and left 

hip bones are strongly anchored to each other by fibrocartilage. This joint 

normally has very little mobility. The strength of the pubic symphysis is 

important in conferring weight-bearing stability to the pelvis. 

Intervertebral Disc 
i 


Vertebral body 


Intervertebral disc 


Lateral view 


An intervertebral disc unites the 
bodies of adjacent vertebrae within 
the vertebral column. Each disc 
allows for limited movement 
between the vertebrae and thus 
functionally forms an 
amphiarthrosis type of joint. 
Intervertebral discs are made of 
fibrocartilage and thereby 
structurally form a symphysis type 
of cartilaginous joint. 


Diarthrosis 


A freely mobile joint is classified as a diarthrosis. These types of joints 
include all synovial joints of the body, which provide the majority of body 
movements. Most diarthrotic joints are found in the appendicular skeleton 
and thus give the limbs a wide range of motion. These joints are divided 
into three categories, based on the number of axes of motion provided by 
each. An axis in anatomy is described as the movements in reference to the 
three anatomical planes: transverse, frontal, and sagittal. Thus, diarthroses 
are Classified as uniaxial (for movement in one plane), biaxial (for 
movement in two planes), or multiaxial joints (for movement in all three 
anatomical planes). 


A uniaxial joint only allows for a motion in a single plane (around a single 
axis). The elbow joint, which only allows for bending or straightening, is an 
example of a uniaxial joint. A biaxial joint allows for motions within two 
planes. An example of a biaxial joint is a metacarpophalangeal joint 
(knuckle joint) of the hand. The joint allows for movement along one axis 
to produce bending or straightening of the finger, and movement along a 
second axis, which allows for spreading of the fingers away from each other 
and bringing them together. A joint that allows for the several directions of 
movement is called a multiaxial joint (polyaxial or triaxial joint). This type 


of diarthrotic joint allows for movement along three axes ([link]). The 
shoulder and hip joints are multiaxial joints. They allow the upper or lower 
limb to move in an anterior-posterior direction and a medial-lateral 
direction. In addition, the limb can also be rotated around its long axis. This 
third movement results in rotation of the limb so that its anterior surface is 
moved either toward or away from the midline of the body. 

Multiaxial Joint 


Acetabulum of 
hip bone 
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A multiaxial joint, such as the hip joint, allows for 
three types of movement: anterior-posterior, 
medial-lateral, and rotational. 


Chapter Review 


Structural classifications of the body joints are based on how the bones are 
held together and articulate with each other. At fibrous joints, the adjacent 
bones are directly united to each other by fibrous connective tissue. 
Similarly, at a cartilaginous joint, the adjacent bones are united by cartilage. 
In contrast, at a synovial joint, the articulating bone surfaces are not directly 
united to each other, but come together within a fluid-filled joint cavity. 


The functional classification of body joints is based on the degree of 
movement found at each joint. A synarthrosis is a joint that is essentially 


immobile. This type of joint provides for a strong connection between the 
adjacent bones, which serves to protect internal structures such as the brain 
or heart. Examples include the fibrous joints of the skull sutures and the 
cartilaginous manubriosternal joint. A joint that allows for limited 
movement is an amphiarthrosis. An example is the pubic symphysis of the 
pelvis, the cartilaginous joint that strongly unites the right and left hip bones 
of the pelvis. The cartilaginous joints in which vertebrae are united by 
intervertebral discs provide for small movements between the adjacent 
vertebrae and are also an amphiarthrosis type of joint. Thus, based on their 
movement ability, both fibrous and cartilaginous joints are functionally 
classified as a synarthrosis or amphiarthrosis. 


The most common type of joint is the diarthrosis, which is a freely 
moveable joint. All synovial joints are functionally classified as diarthroses. 
A uniaxial diarthrosis, such as the elbow, is a joint that only allows for 
movement within a single anatomical plane. Joints that allow for 
movements in two planes are biaxial joints, such as the 
metacarpophalangeal joints of the fingers. A multiaxial joint, such as the 
shoulder or hip joint, allows for three planes of motions. 


Review Questions 


Exercise: 


Problem: 


The joint between adjacent vertebrae that includes an invertebral disc 
is classified as which type of joint? 


a. diarthrosis 

b. multiaxial 

c. amphiarthrosis 
d. synarthrosis 


Solution: 


C 


Exercise: 


Problem: Which of these joints is classified as a synarthrosis? 


a. the pubic symphysis 

b. the manubriosternal joint 
c. an invertebral disc 

d. the shoulder joint 


Solution: 


B 


Exercise: 


Problem: Which of these joints is classified as a biaxial diarthrosis? 


a. the metacarpophalangeal joint 
b. the hip joint 

c. the elbow joint 

d. the pubic symphysis 


Solution: 


A 


Exercise: 


Problem:Synovial joints 


a. may be functionally classified as a synarthrosis 

b. are joints where the bones are connected to each other by hyaline 
cartilage 

c. may be functionally classified as a amphiarthrosis 

d. are joints where the bones articulate with each other within a 
fluid-filled joint cavity 


Solution: 


D 


Critical Thinking Questions 


Exercise: 


Problem: 


Define how joints are classified based on function. Describe and give 
an example for each functional type of joint. 


Solution: 


Functional classification of joints is based on the degree of mobility 
exhibited by the joint. A synarthrosis is an immobile or nearly 
immobile joint. An example is the manubriosternal joint or the joints 
between the skull bones surrounding the brain. An amphiarthrosis is a 
slightly moveable joint, such as the pubic symphysis or an 
intervertebral cartilaginous joint. A diarthrosis is a freely moveable 
joint. These are subdivided into three categories. A uniaxial diarthrosis 
allows movement within a single anatomical plane or axis of motion. 
The elbow joint is an example. A biaxial diarthrosis, such as the 
metacarpophalangeal joint, allows for movement along two planes or 
axes. The hip and shoulder joints are examples of a multiaxial 
diarthrosis. These allow movements along three planes or axes. 


Exercise: 


Problem: 


Explain the reasons for why joints differ in their degree of mobility. 


Solution: 


The functional needs of joints vary and thus joints differ in their degree 
of mobility. A synarthrosis, which is an immobile joint, serves to 
strongly connect bones thus protecting internal organs such as the heart 
or brain. A slightly moveable amphiarthrosis provides for small 
movements, which in the vertebral column can add together to yield a 
much larger overall movement. The freedom of movement provided by 
a diarthrosis can allow for large movements, such as is seen with most 
joints of the limbs. 


Glossary 


amphiarthrosis 
slightly mobile joint 


articulation 
joint of the body 


biaxial joint 
type of diarthrosis; a joint that allows for movements within two 
planes (two axes) 


cartilaginous joint 
joint at which the bones are united by hyaline cartilage 
(synchondrosis) or fibrocartilage (symphysis) 


diarthrosis 
freely mobile joint 


fibrous joint 
joint where the articulating areas of the adjacent bones are connected 
by fibrous connective tissue 


joint 
site at which two or more bones or bone and cartilage come together 


(articulate) 


joint cavity 


space enclosed by the articular capsule of a synovial joint that is filled 
with synovial fluid and contains the articulating surfaces of the 
adjacent bones 


multiaxial joint 
type of diarthrosis; a joint that allows for movements within three 
planes (three axes) 


synarthrosis 
immobile or nearly immobile joint 


synovial joint 
joint at which the articulating surfaces of the bones are located within 
a joint cavity formed by an articular capsule 


uniaxial joint 


type of diarthrosis; joint that allows for motion within only one plane 
(one axis) 


Fibrous Joints 
By the end of this section, you will be able to: 


e Describe the structural features of fibrous joints 
e Distinguish between a suture, syndesmosis, and gomphosis 
e Give an example of each type of fibrous joint 


At a fibrous joint, the adjacent bones are directly connected to each other by 
fibrous connective tissue, and thus the bones do not have a joint cavity 
between them ({link]). The gap between the bones may be narrow or wide. 
There are three types of fibrous joints. A suture is the narrow fibrous joint 
found between most bones of the skull. At a syndesmosis joint, the bones 
are more widely separated but are held together by a narrow band of fibrous 
connective tissue called a ligament or a wide sheet of connective tissue 
called an interosseous membrane. This type of fibrous joint is found 
between the shaft regions of the long bones in the forearm and in the leg. 
Lastly, a gomphosis is the narrow fibrous joint between the roots of a tooth 
and the bony socket in the jaw into which the tooth fits. 

Fibrous Joints 
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(a) (b) (c) 


Fibrous joints form strong connections between bones. (a) 
Sutures join most bones of the skull. (b) An interosseous 
membrane forms a syndesmosis between the radius and 

ulna bones of the forearm. (c) A gomphosis is a specialized 
fibrous joint that anchors a tooth to its socket in the jaw. 


Suture 


All the bones of the skull, except for the mandible, are joined to each other 
by a fibrous joint called a suture. The fibrous connective tissue found at a 
suture (“to bind or sew”) strongly unites the adjacent skull bones and thus 
helps to protect the brain and form the face. In adults, the skull bones are 
closely opposed and fibrous connective tissue fills the narrow gap between 
the bones. The suture is frequently convoluted, forming a tight union that 
prevents most movement between the bones. (See [link]a.) Thus, skull 
sutures are functionally classified as a synarthrosis, although some sutures 
may allow for slight movements between the cranial bones. 


In newborns and infants, the areas of connective tissue between the bones 
are much wider, especially in those areas on the top and sides of the skull 
that will become the sagittal, coronal, squamous, and lambdoid sutures. 
These broad areas of connective tissue are called fontanelles ((link]). 
During birth, the fontanelles provide flexibility to the skull, allowing the 
bones to push closer together or to overlap slightly, thus aiding movement 
of the infant’s head through the birth canal. After birth, these expanded 
regions of connective tissue allow for rapid growth of the skull and 
enlargement of the brain. The fontanelles greatly decrease in width during 
the first year after birth as the skull bones enlarge. When the connective 
tissue between the adjacent bones is reduced to a narrow layer, these fibrous 
joints are now called sutures. At some sutures, the connective tissue will 
ossify and be converted into bone, causing the adjacent bones to fuse to 
each other. This fusion between bones is called a synostosis (“joined by 
bone”). Examples of synostosis fusions between cranial bones are found 
both early and late in life. At the time of birth, the frontal and maxillary 
bones consist of right and left halves joined together by sutures, which 
disappear by the eighth year as the halves fuse together to form a single 
bone. Late in life, the sagittal, coronal, and lambdoid sutures of the skull 
will begin to ossify and fuse, causing the suture line to gradually disappear. 
The Newborn Skull 
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The fontanelles of a newborn’s skull are 
broad areas of fibrous connective tissue 
that form fibrous joints between the bones 
of the skull. 


Syndesmosis 


A syndesmosis (“fastened with a band”) is a type of fibrous joint in which 
two parallel bones are united to each other by fibrous connective tissue. The 
gap between the bones may be narrow, with the bones joined by ligaments, 
or the gap may be wide and filled in by a broad sheet of connective tissue 
called an interosseous membrane. 


In the forearm, the wide gap between the shaft portions of the radius and 
ulna bones are strongly united by an interosseous membrane (see [link]b). 
Similarly, in the leg, the shafts of the tibia and fibula are also united by an 
interosseous membrane. In addition, at the distal tibiofibular joint, the 
articulating surfaces of the bones lack cartilage and the narrow gap between 
the bones is anchored by fibrous connective tissue and ligaments on both 
the anterior and posterior aspects of the joint. Together, the interosseous 
membrane and these ligaments form the tibiofibular syndesmosis. 


The syndesmoses found in the forearm and leg serve to unite parallel bones 
and prevent their separation. However, a syndesmosis does not prevent all 
movement between the bones, and thus this type of fibrous joint is 
functionally classified as an amphiarthrosis. In the leg, the syndesmosis 
between the tibia and fibula strongly unites the bones, allows for little 
movement, and firmly locks the talus bone in place between the tibia and 
fibula at the ankle joint. This provides strength and stability to the leg and 
ankle, which are important during weight bearing. In the forearm, the 
interosseous membrane is flexible enough to allow for rotation of the radius 
bone during forearm movements. Thus in contrast to the stability provided 
by the tibiofibular syndesmosis, the flexibility of the antebrachial 
interosseous membrane allows for the much greater mobility of the forearm. 


The interosseous membranes of the leg and forearm also provide areas for 
muscle attachment. Damage to a syndesmotic joint, which usually results 
from a fracture of the bone with an accompanying tear of the interosseous 
membrane, will produce pain, loss of stability of the bones, and may 
damage the muscles attached to the interosseous membrane. If the fracture 
site is not properly immobilized with a cast or splint, contractile activity by 
these muscles can cause improper alignment of the broken bones during 
healing. 


Gomphosis 


A gomphosis (“fastened with bolts”) is the specialized fibrous joint that 
anchors the root of a tooth into its bony socket within the maxillary bone 
(upper jaw) or mandible bone (lower jaw) of the skull. A gomphosis is also 
known as a peg-and-socket joint. Spanning between the bony walls of the 
socket and the root of the tooth are numerous short bands of dense 
connective tissue, each of which is called a periodontal ligament (see 
[link]c). Due to the immobility of a gomphosis, this type of joint is 
functionally classified as a synarthrosis. 


Chapter Review 


Fibrous joints are where adjacent bones are strongly united by fibrous 
connective tissue. The gap filled by connective tissue may be narrow or 


wide. The three types of fibrous joints are sutures, gomphoses, and 
syndesmoses. A suture is the narrow fibrous joint that unites most bones of 
the skull. At a gomphosis, the root of a tooth is anchored across a narrow 
gap by periodontal ligaments to the walls of its socket in the bony jaw. A 
syndesmosis is the type of fibrous joint found between parallel bones. The 
gap between the bones may be wide and filled with a fibrous interosseous 
membrane, or it may narrow with ligaments spanning between the bones. 
Syndesmoses are found between the bones of the forearm (radius and ulna) 
and the leg (tibia and fibula). Fibrous joints strongly unite adjacent bones 
and thus serve to provide protection for internal organs, strength to body 
regions, or weight-bearing stability. 


Review Questions 


Exercise: 


Problem: Which type of fibrous joint connects the tibia and fibula? 


a. syndesmosis 
b. symphysis 
c. suture 

d. gomphosis 


Solution: 


A 


Exercise: 


Problem: An example of a wide fibrous joint is 


a. the interosseous membrane of the forearm 
b. a gomphosis 

c. a suture joint 

d. a synostosis 


Solution: 
A 
Exercise: 
Problem:A gomphosis 


a. is formed by an interosseous membrane 

b. connects the tibia and fibula bones of the leg 
c. contains a joint cavity 

d. anchors a tooth to the jaw 


Solution: 
D 
Exercise: 
Problem: A syndesmosis is 
a. a Narrow fibrous joint 
b. the type of joint that unites bones of the skull 


c. a fibrous joint that unites parallel bones 
d. the type of joint that anchors the teeth in the jaws 


Solution: 


C 


Critical Thinking Questions 


Exercise: 


Problem: 


Distinguish between a narrow and wide fibrous joint and give an 
example of each. 


Solution: 


Narrow fibrous joints are found at a suture, gomphosis, or 
syndesmosis. A suture is the fibrous joint that joins the bones of the 
skull to each other (except the mandible). A gomphosis is the fibrous 
joint that anchors each tooth to its bony socket within the upper or 
lower jaw. The tooth is connected to the bony jaw by periodontal 
ligaments. A narrow syndesmosis is found at the distal tibiofibular 
joint where the bones are united by fibrous connective tissue and 
ligaments. A syndesmosis can also form a wide fibrous joint where the 
shafts of two parallel bones are connected by a broad interosseous 
membrane. The radius and ulna bones of the forearm and the tibia and 
fibula bones of the leg are united by interosseous membranes. 


Exercise: 


Problem: 


The periodontal ligaments are made of collagen fibers and are 
responsible for connecting the roots of the teeth to the jaws. Describe 
how scurvy, a disease that inhibits collagen production, can affect the 
teeth. 


Solution: 


The teeth are anchored into their sockets within the bony jaws by the 
periodontal ligaments. This is a gomphosis type of fibrous joint. In 
scurvy, collagen production is inhibited and the periodontal ligaments 
become weak. This will cause the teeth to become loose or even to fall 
out. 


Glossary 


fontanelles 
expanded areas of fibrous connective tissue that separate the braincase 
bones of the skull prior to birth and during the first year after birth 


gomphosis 
type of fibrous joint in which the root of a tooth is anchored into its 
bony jaw socket by strong periodontal ligaments 


interosseous membrane 
wide sheet of fibrous connective tissue that fills the gap between two 
parallel bones, forming a syndesmosis; found between the radius and 
ulna of the forearm and between the tibia and fibula of the leg 


ligament 
strong band of dense connective tissue spanning between bones 


periodontal ligament 
band of dense connective tissue that anchors the root of a tooth into the 
bony jaw socket 


suture 
fibrous joint that connects the bones of the skull (except the mandible); 
an immobile joint (synarthrosis) 


syndesmosis 
type of fibrous joint in which two separated, parallel bones are 
connected by an interosseous membrane 


synostosis 
site at which adjacent bones or bony components have fused together 


Cartilaginous Joints 
By the end of this section, you will be able to: 


e Describe the structural features of cartilaginous joints 
e Distinguish between a synchondrosis and symphysis 
e Give an example of each type of cartilaginous joint 


As the name indicates, at a cartilaginous joint, the adjacent bones are united 
by cartilage, a tough but flexible type of connective tissue. These types of 
joints lack a joint cavity and involve bones that are joined together by either 
hyaline cartilage or fibrocartilage ({link]). There are two types of 
cartilaginous joints. A synchondrosis is a cartilaginous joint where the 
bones are joined by hyaline cartilage. Also classified as a synchondrosis are 
places where bone is united to a cartilage structure, such as between the 
anterior end of a rib and the costal cartilage of the thoracic cage. The 
second type of cartilaginous joint is a symphysis, where the bones are 
joined by fibrocartilage. 

Cartiliginous Joints 


A 


(temporary 
hyaline 
cartilage joint) 


At cartilaginous joints, bones are united by hyaline 
cartilage to form a synchondrosis or by fibrocartilage to 
form a symphysis. (a) The hyaline cartilage of the 
epiphyseal plate (growth plate) forms a synchondrosis that 
unites the shaft (diaphysis) and end (epiphysis) of a long 
bone and allows the bone to grow in length. (b) The pubic 
portions of the right and left hip bones of the pelvis are 


joined together by fibrocartilage, forming the pubic 
symphysis. 


Synchondrosis 


A synchondrosis (“joined by cartilage’) is a cartilaginous joint where 
bones are joined together by hyaline cartilage, or where bone is united to 
hyaline cartilage. A synchondrosis may be temporary or permanent. A 
temporary synchondrosis is the epiphyseal plate (growth plate) of a growing 
long bone. The epiphyseal plate is the region of growing hyaline cartilage 
that unites the diaphysis (shaft) of the bone to the epiphysis (end of the 
bone). Bone lengthening involves growth of the epiphyseal plate cartilage 
and its replacement by bone, which adds to the diaphysis. For many years 
during childhood growth, the rates of cartilage growth and bone formation 
are equal and thus the epiphyseal plate does not change in overall thickness 
as the bone lengthens. During the late teens and early 20s, growth of the 
cartilage slows and eventually stops. The epiphyseal plate is then 
completely replaced by bone, and the diaphysis and epiphysis portions of 
the bone fuse together to form a single adult bone. This fusion of the 
diaphysis and epiphysis is a synostosis. Once this occurs, bone lengthening 
ceases. For this reason, the epiphyseal plate is considered to be a temporary 
synchondrosis. Because cartilage is softer than bone tissue, injury to a 
growing long bone can damage the epiphyseal plate cartilage, thus stopping 
bone growth and preventing additional bone lengthening. 


Growing layers of cartilage also form synchondroses that join together the 
ilium, ischium, and pubic portions of the hip bone during childhood and 
adolescence. When body growth stops, the cartilage disappears and is 
replaced by bone, forming synostoses and fusing the bony components 
together into the single hip bone of the adult. Similarly, synostoses unite the 
sacral vertebrae that fuse together to form the adult sacrum. 


Note: 
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Visit this website to view a radiograph (X-ray image) of a child’s hand and 
wrist. The growing bones of child have an epiphyseal plate that forms a 
synchondrosis between the shaft and end of a long bone. Being less dense 
than bone, the area of epiphyseal cartilage is seen on this radiograph as the 
dark epiphyseal gaps located near the ends of the long bones, including the 
radius, ulna, metacarpal, and phalanx bones. Which of the bones in this 
image do not show an epiphyseal plate (epiphyseal gap)? 


Examples of permanent synchondroses are found in the thoracic cage. One 
example is the first sternocostal joint, where the first rib is anchored to the 
manubrium by its costal cartilage. (The articulations of the remaining costal 
cartilages to the sternum are all synovial joints.) Additional synchondroses 
are formed where the anterior end of the other 11 ribs is joined to its costal 
cartilage. Unlike the temporary synchondroses of the epiphyseal plate, these 
permanent synchondroses retain their hyaline cartilage and thus do not 
ossify with age. Due to the lack of movement between the bone and 
cartilage, both temporary and permanent synchondroses are functionally 
classified as a synarthrosis. 


Symphysis 


A cartilaginous joint where the bones are joined by fibrocartilage is called a 
symphysis (“growing together”). Fibrocartilage is very strong because it 
contains numerous bundles of thick collagen fibers, thus giving it a much 
greater ability to resist pulling and bending forces when compared with 
hyaline cartilage. This gives symphyses the ability to strongly unite the 
adjacent bones, but can still allow for limited movement to occur. Thus, a 
symphysis is functionally classified as an amphiarthrosis. 


The gap separating the bones at a symphysis may be narrow or wide. 
Examples in which the gap between the bones is narrow include the pubic 
symphysis and the manubriosternal joint. At the pubic symphysis, the pubic 
portions of the right and left hip bones of the pelvis are joined together by 
fibrocartilage across a narrow gap. Similarly, at the manubriosternal joint, 
fibrocartilage unites the manubrium and body portions of the sternum. 


The intervertebral symphysis is a wide symphysis located between the 
bodies of adjacent vertebrae of the vertebral column. Here a thick pad of 
fibrocartilage called an intervertebral disc strongly unites the adjacent 
vertebrae by filling the gap between them. The width of the intervertebral 
symphysis is important because it allows for small movements between the 
adjacent vertebrae. In addition, the thick intervertebral disc provides 
cushioning between the vertebrae, which is important when carrying heavy 
objects or during high-impact activities such as running or jumping. 


Chapter Review 


There are two types of cartilaginous joints. A synchondrosis is formed 
when the adjacent bones are united by hyaline cartilage. A temporary 
synchondrosis is formed by the epiphyseal plate of a growing long bone, 
which is lost when the epiphyseal plate ossifies as the bone reaches 
maturity. The synchondrosis is thus replaced by a synostosis. Permanent 
synchondroses that do not ossify are found at the first sternocostal joint and 
between the anterior ends of the bony ribs and the junction with their costal 
cartilage. A symphysis is where the bones are joined by fibrocartilage and 
the gap between the bones may be narrow or wide. A narrow symphysis is 
found at the manubriosternal joint and at the pubic symphysis. A wide 
symphysis is the intervertebral symphysis in which the bodies of adjacent 
vertebrae are united by an intervertebral disc. 


Interactive Link Questions 


Exercise: 


Problem: 


Go to this website to view a radiograph (X-ray image) of a child’s 
hand and wrist. The growing bones of child have an epiphyseal plate 
that forms a synchondrosis between the shaft and end of a long bone. 
Being less dense than bone, the area of epiphyseal cartilage is seen on 
this radiograph as the dark epiphyseal gaps located near the ends of the 
long bones, including the radius, ulna, metacarpal, and phalanx bones. 
Which of the bones in this image do not show an epiphyseal plate 


(epiphyseal gap)? 


Solution: 
Although they are still growing, the carpal bones of the wrist area do 


not show an epiphyseal plate. Instead of elongating, these bones grow 
in diameter by adding new bone to their surfaces. 


Review Questions 


Exercise: 


Problem:A cartilaginous joint 


a. has a joint cavity 

b. is called a symphysis when the bones are united by fibrocartilage 
c. anchors the teeth to the jaws 

d. is formed by a wide sheet of fibrous connective tissue 


Solution: 


B 


Exercise: 


Problem: A synchondrosis is 


a. found at the pubic symphysis 

b. where bones are connected together with fibrocartilage 
c. a type of fibrous joint 

d. found at the first sternocostal joint of the thoracic cage 


Solution: 


D 


Exercise: 


Problem: Which of the following are joined by a symphysis? 


a. adjacent vertebrae 

b. the first rib and the sternum 

c. the end and shaft of a long bone 
d. the radius and ulna bones 


Solution: 


A 


Exercise: 


Problem: 


The epiphyseal plate of a growing long bone in a child is classified as 


a 


a. synchondrosis 
b. synostosis 

c. symphysis 

d. syndesmosis 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 


Describe the two types of cartilaginous joints and give examples of 
each. 


Solution: 


Cartilaginous joints are where the adjacent bones are joined by 
cartilage. At a synchondrosis, the bones are united by hyaline cartilage. 
The epiphyseal plate of growing long bones and the first sternocostal 
joint that unites the first rib to the sternum are examples of 
synchondroses. At a symphysis, the bones are joined by fibrocartilage, 
which is strong and flexible. Symphysis joints include the 
intervertebral symphysis between adjacent vertebrae and the pubic 
symphysis that joins the pubic portions of the right and left hip bones. 


Exercise: 


Problem: 


Both functional and structural classifications can be used to describe 
an individual joint. Define the first sternocostal joint and the pubic 
symphysis using both functional and structural characteristics. 


Solution: 


The first sternocostal joint is a synchondrosis type of cartilaginous 
joint in which hyaline cartilage unites the first rib to the manubrium of 
the sternum. This forms an immobile (synarthrosis) type of joint. The 
pubic symphysis is a slightly mobile (amphiarthrosis) cartilaginous 
joint, where the pubic portions of the right and left hip bones are 
united by fibrocartilage, thus forming a symphysis. 


Glossary 


symphysis 
type of cartilaginous joint where the bones are joined by fibrocartilage 


synchondrosis 
type of cartilaginous joint where the bones are joined by hyaline 
cartilage 


Synovial Joints 
By the end of this section, you will be able to: 


¢ Describe the structural features of a synovial joint 

e Discuss the function of additional structures associated with synovial 
joints 

e List the six types of synovial joints and give an example of each 


Synovial joints are the most common type of joint in the body ((link]). A 
key structural characteristic for a synovial joint that is not seen at fibrous or 
cartilaginous joints is the presence of a joint cavity. This fluid-filled space is 
the site at which the articulating surfaces of the bones contact each other. 
Also unlike fibrous or cartilaginous joints, the articulating bone surfaces at 
a synovial joint are not directly connected to each other with fibrous 
connective tissue or cartilage. This gives the bones of a synovial joint the 
ability to move smoothly against each other, allowing for increased joint 
mobility. 

Synovial Joints 
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Synovial joints allow for smooth 
movements between the adjacent bones. 
The joint is surrounded by an articular 
capsule that defines a joint cavity filled 
with synovial fluid. The articulating 
surfaces of the bones are covered by a 
thin layer of articular cartilage. Ligaments 
support the joint by holding the bones 
together and resisting excess or abnormal 
joint motions. 


Structural Features of Synovial Joints 


Synovial joints are characterized by the presence of a joint cavity. The walls 
of this space are formed by the articular capsule, a fibrous connective 
tissue structure that is attached to each bone just outside the area of the 
bone’s articulating surface. The bones of the joint articulate with each other 
within the joint cavity. 


Friction between the bones at a synovial joint is prevented by the presence 
of the articular cartilage, a thin layer of hyaline cartilage that covers the 
entire articulating surface of each bone. However, unlike at a cartilaginous 
joint, the articular cartilages of each bone are not continuous with each 
other. Instead, the articular cartilage acts like a Teflon® coating over the 
bone surface, allowing the articulating bones to move smoothly against 
each other without damaging the underlying bone tissue. Lining the inner 
surface of the articular capsule is a thin synovial membrane. The cells of 
this membrane secrete synovial fluid (synovia = “a thick fluid”), a thick, 
slimy fluid that provides lubrication to further reduce friction between the 
bones of the joint. This fluid also provides nourishment to the articular 
cartilage, which does not contain blood vessels. The ability of the bones to 
move smoothly against each other within the joint cavity, and the freedom 
of joint movement this provides, means that each synovial joint is 
functionally classified as a diarthrosis. 


Outside of their articulating surfaces, the bones are connected together by 
ligaments, which are strong bands of fibrous connective tissue. These 
strengthen and support the joint by anchoring the bones together and 
preventing their separation. Ligaments allow for normal movements at a 
joint, but limit the range of these motions, thus preventing excessive or 
abnormal joint movements. Ligaments are classified based on their 
relationship to the fibrous articular capsule. An extrinsic ligament is 
located outside of the articular capsule, an intrinsic ligament is fused to or 
incorporated into the wall of the articular capsule, and an intracapsular 
ligament is located inside of the articular capsule. 


At many synovial joints, additional support is provided by the muscles and 
their tendons that act across the joint. A tendon is the dense connective 
tissue structure that attaches a muscle to bone. As forces acting on a joint 
increase, the body will automatically increase the overall strength of 
contraction of the muscles crossing that joint, thus allowing the muscle and 
its tendon to serve as a “dynamic ligament” to resist forces and support the 
joint. This type of indirect support by muscles is very important at the 
shoulder joint, for example, where the ligaments are relatively weak. 


Additional Structures Associated with Synovial Joints 


A few synovial joints of the body have a fibrocartilage structure located 
between the articulating bones. This is called an articular disc, which is 
generally small and oval-shaped, or a meniscus, which is larger and C- 
shaped. These structures can serve several functions, depending on the 
specific joint. In some places, an articular disc may act to strongly unite the 
bones of the joint to each other. Examples of this include the articular discs 
found at the sternoclavicular joint or between the distal ends of the radius 
and ulna bones. At other synovial joints, the disc can provide shock 
absorption and cushioning between the bones, which is the function of each 
meniscus within the knee joint. Finally, an articular disc can serve to 
smooth the movements between the articulating bones, as seen at the 
temporomandibular joint. Some synovial joints also have a fat pad, which 
can serve as a cushion between the bones. 


Additional structures located outside of a synovial joint serve to prevent 
friction between the bones of the joint and the overlying muscle tendons or 
skin. A bursa (plural = bursae) is a thin connective tissue sac filled with 
lubricating liquid. They are located in regions where skin, ligaments, 
muscles, or muscle tendons can rub against each other, usually near a body 
joint ((link]). Bursae reduce friction by separating the adjacent structures, 
preventing them from rubbing directly against each other. Bursae are 
classified by their location. A subcutaneous bursa is located between the 
skin and an underlying bone. It allows skin to move smoothly over the 
bone. Examples include the prepatellar bursa located over the kneecap and 
the olecranon bursa at the tip of the elbow. A submuscular bursa is found 
between a muscle and an underlying bone, or between adjacent muscles. 
These prevent rubbing of the muscle during movements. A large 
submuscular bursa, the trochanteric bursa, is found at the lateral hip, 
between the greater trochanter of the femur and the overlying gluteus 
maximus muscle. A subtendinous bursa is found between a tendon and a 
bone. Examples include the subacromial bursa that protects the tendon of 
shoulder muscle as it passes under the acromion of the scapula, and the 
suprapatellar bursa that separates the tendon of the large anterior thigh 
muscle from the distal femur just above the knee. 
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Bursae are fluid-filled sacs that serve to 
prevent friction between skin, muscle, or 


tendon and an underlying bone. Three 
major bursae and a fat pad are part of the 
complex joint that unites the femur and 
tibia of the leg. 


A tendon sheath is similar in structure to a bursa, but smaller. It is a 
connective tissue sac that surrounds a muscle tendon at places where the 
tendon crosses a joint. It contains a lubricating fluid that allows for smooth 
motions of the tendon during muscle contraction and joint movements. 


Note: 

Homeostatic Imbalances 

Bursitis 

Bursitis is the inflammation of a bursa near a joint. This will cause pain, 
swelling, or tenderness of the bursa and surrounding area, and may also 
result in joint stiffness. Bursitis is most commonly associated with the 
bursae found at or near the shoulder, hip, knee, or elbow joints. At the 
shoulder, subacromial bursitis may occur in the bursa that separates the 
acromion of the scapula from the tendon of a shoulder muscle as it passes 
deep to the acromion. In the hip region, trochanteric bursitis can occur in 
the bursa that overlies the greater trochanter of the femur, just below the 
lateral side of the hip. Ischial bursitis occurs in the bursa that separates the 
skin from the ischial tuberosity of the pelvis, the bony structure that is 
weight bearing when sitting. At the knee, inflammation and swelling of the 
bursa located between the skin and patella bone is prepatellar bursitis 
(“housemaid’s knee”), a condition more commonly seen today in roofers or 
floor and carpet installers who do not use knee pads. At the elbow, 
olecranon bursitis is inflammation of the bursa between the skin and 
olecranon process of the ulna. The olecranon forms the bony tip of the 
elbow, and bursitis here is also known as “student’s elbow.” 

Bursitis can be either acute (lasting only a few days) or chronic. It can arise 
from muscle overuse, trauma, excessive or prolonged pressure on the skin, 
rheumatoid arthritis, gout, or infection of the joint. Repeated acute 


episodes of bursitis can result in a chronic condition. Treatments for the 
disorder include antibiotics if the bursitis is caused by an infection, or anti- 
inflammatory agents, such as nonsteroidal anti-inflammatory drugs 
(NSAIDs) or corticosteroids if the bursitis is due to trauma or overuse. 
Chronic bursitis may require that fluid be drained, but additional surgery is 
usually not required. 


Types of Synovial Joints 


Synovial joints are subdivided based on the shapes of the articulating 
surfaces of the bones that form each joint. The six types of synovial joints 
are pivot, hinge, condyloid, saddle, plane, and ball-and socket-joints 
({link]). 

Types of Synovial Joints 


(f) Ball-and-socket joint 
(hip joint) 


(a) Pivot joint 
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(b) Hinge joint 
(elbow) 


(e) Condyloid joint 
(between radius and 
carpal bones of wrist) 


(d) Plane joint 
(between tarsal bones) 


(c) Saddle joint 
(between trapezium 
carpal bone and 1st 
metacarpal bone) 


The six types of synovial joints allow the body to move in a variety 
of ways. (a) Pivot joints allow for rotation around an axis, such as 
between the first and second cervical vertebrae, which allows for 
side-to-side rotation of the head. (b) The hinge joint of the elbow 

works like a door hinge. (c) The articulation between the trapezium 


carpal bone and the first metacarpal bone at the base of the thumb is a 
saddle joint. (d) Plane joints, such as those between the tarsal bones 
of the foot, allow for limited gliding movements between bones. (e) 

The radiocarpal joint of the wrist is a condyloid joint. (f) The hip and 

shoulder joints are the only ball-and-socket joints of the body. 


Pivot Joint 


At a pivot joint, a rounded portion of a bone is enclosed within a ring 
formed partially by the articulation with another bone and partially by a 
ligament (see [link]a). The bone rotates within this ring. Since the rotation 
is around a single axis, pivot joints are functionally classified as a uniaxial 
diarthrosis type of joint. An example of a pivot joint is the atlantoaxial joint, 
found between the C1 (atlas) and C2 (axis) vertebrae. Here, the upward 
projecting dens of the axis articulates with the inner aspect of the atlas, 
where it is held in place by a ligament. Rotation at this joint allows you to 
turn your head from side to side. A second pivot joint is found at the 
proximal radioulnar joint. Here, the head of the radius is largely encircled 
by a ligament that holds it in place as it articulates with the radial notch of 
the ulna. Rotation of the radius allows for forearm movements. 


Hinge Joint 


In a hinge joint, the convex end of one bone articulates with the concave 
end of the adjoining bone (see [link]b). This type of joint allows only for 
bending and straightening motions along a single axis, and thus hinge joints 
are functionally classified as uniaxial joints. A good example is the elbow 
joint, with the articulation between the trochlea of the humerus and the 
trochlear notch of the ulna. Other hinge joints of the body include the knee, 
ankle, and interphalangeal joints between the phalanx bones of the fingers 
and toes. 


Condyloid Joint 


At a condyloid joint (ellipsoid joint), the shallow depression at the end of 
one bone articulates with a rounded structure from an adjacent bone or 
bones (see [link]e). The knuckle (metacarpophalangeal) joints of the hand 
between the distal end of a metacarpal bone and the proximal phalanx bone 
are condyloid joints. Another example is the radiocarpal joint of the wrist, 
between the shallow depression at the distal end of the radius bone and the 
rounded scaphoid, lunate, and triquetrum carpal bones. In this case, the 
articulation area has a more oval (elliptical) shape. Functionally, condyloid 
joints are biaxial joints that allow for two planes of movement. One 
movement involves the bending and straightening of the fingers or the 
anterior-posterior movements of the hand. The second movement is a side- 
to-side movement, which allows you to spread your fingers apart and bring 
them together, or to move your hand in a medial-going or lateral-going 
direction. 


Saddle Joint 


At a saddle joint, both of the articulating surfaces for the bones have a 
saddle shape, which is concave in one direction and convex in the other (see 
[link]c). This allows the two bones to fit together like a rider sitting on a 
saddle. Saddle joints are functionally classified as biaxial joints. The 
primary example is the first carpometacarpal joint, between the trapezium 
(a carpal bone) and the first metacarpal bone at the base of the thumb. This 
joint provides the thumb the ability to move away from the palm of the 
hand along two planes. Thus, the thumb can move within the same plane as 
the palm of the hand, or it can jut out anteriorly, perpendicular to the palm. 
This movement of the first carpometacarpal joint is what gives humans their 
distinctive “opposable” thumbs. The sternoclavicular joint is also classified 
as a Saddle joint. 


Plane Joint 


Ata plane joint (gliding joint), the articulating surfaces of the bones are 
flat or slightly curved and of approximately the same size, which allows the 
bones to slide against each other (see [link]d). The motion at this type of 
joint is usually small and tightly constrained by surrounding ligaments. 
Based only on their shape, plane joints can allow multiple movements, 
including rotation. Thus plane joints can be functionally classified as a 
multiaxial joint. However, not all of these movements are available to every 
plane joint due to limitations placed on it by ligaments or neighboring 
bones. Thus, depending upon the specific joint of the body, a plane joint 
may exhibit only a single type of movement or several movements. Plane 
joints are found between the carpal bones (intercarpal joints) of the wrist or 
tarsal bones (intertarsal joints) of the foot, between the clavicle and 
acromion of the scapula (acromioclavicular joint), and between the superior 
and inferior articular processes of adjacent vertebrae (zygapophysial joints). 


Ball-and-Socket Joint 


The joint with the greatest range of motion is the ball-and-socket joint. At 
these joints, the rounded head of one bone (the ball) fits into the concave 
articulation (the socket) of the adjacent bone (see [link ]f). The hip joint and 
the glenohumeral (shoulder) joint are the only ball-and-socket joints of the 
body. At the hip joint, the head of the femur articulates with the acetabulum 
of the hip bone, and at the shoulder joint, the head of the humerus 
articulates with the glenoid cavity of the scapula. 


Ball-and-socket joints are classified functionally as multiaxial joints. The 
femur and the humerus are able to move in both anterior-posterior and 
medial-lateral directions and they can also rotate around their long axis. The 
shallow socket formed by the glenoid cavity allows the shoulder joint an 
extensive range of motion. In contrast, the deep socket of the acetabulum 
and the strong supporting ligaments of the hip joint serve to constrain 
movements of the femur, reflecting the need for stability and weight- 
bearing ability at the hip. 


Note: 


Watch this video to see an animation of synovial joints in action. Synovial 
joints are places where bones articulate with each other inside of a joint 
cavity. The different types of synovial joints are the ball-and-socket joint 
(shoulder joint), hinge joint (knee), pivot joint (atlantoaxial joint, between 
C1 and C2 vertebrae of the neck), condyloid joint (radiocarpal joint of the 
wrist), saddle joint (first carpometacarpal joint, between the trapezium 
carpal bone and the first metacarpal bone, at the base of the thumb), and 
plane joint (facet joints of vertebral column, between superior and inferior 
articular processes). Which type of synovial joint allows for the widest 
range of motion? 


Note: 

Aging and the... 

Joints 

Arthritis is a common disorder of synovial joints that involves 
inflammation of the joint. This often results in significant joint pain, along 
with swelling, stiffness, and reduced joint mobility. There are more than 
100 different forms of arthritis. Arthritis may arise from aging, damage to 
the articular cartilage, autoimmune diseases, bacterial or viral infections, or 
unknown (probably genetic) causes. 

The most common type of arthritis is osteoarthritis, which is associated 
with aging and “wear and tear” of the articular cartilage ((link]). Risk 
factors that may lead to osteoarthritis later in life include injury to a joint; 
jobs that involve physical labor; sports with running, twisting, or throwing 
actions; and being overweight. These factors put stress on the articular 
cartilage that covers the surfaces of bones at synovial joints, causing the 
cartilage to gradually become thinner. As the articular cartilage layer wears 


down, more pressure is placed on the bones. The joint responds by 
increasing production of the lubricating synovial fluid, but this can lead to 
swelling of the joint cavity, causing pain and joint stiffness as the articular 
capsule is stretched. The bone tissue underlying the damaged articular 
cartilage also responds by thickening, producing irregularities and causing 
the articulating surface of the bone to become rough or bumpy. Joint 
movement then results in pain and inflammation. In its early stages, 
symptoms of osteoarthritis may be reduced by mild activity that “warms 
up” the joint, but the symptoms may worsen following exercise. In 
individuals with more advanced osteoarthritis, the affected joints can 
become more painful and therefore are difficult to use effectively, resulting 
in increased immobility. There is no cure for osteoarthritis, but several 
treatments can help alleviate the pain. Treatments may include lifestyle 
changes, such as weight loss and low-impact exercise, and over-the- 
counter or prescription medications that help to alleviate the pain and 
inflammation. For severe cases, joint replacement surgery (arthroplasty) 
may be required. 

Joint replacement is a very invasive procedure, so other treatments are 
always tried before surgery. However arthroplasty can provide relief from 
chronic pain and can enhance mobility within a few months following the 
surgery. This type of surgery involves replacing the articular surfaces of the 
bones with prosthesis (artificial components). For example, in hip 
arthroplasty, the worn or damaged parts of the hip joint, including the head 
and neck of the femur and the acetabulum of the pelvis, are removed and 
replaced with artificial joint components. The replacement head for the 
femur consists of a rounded ball attached to the end of a shaft that is 
inserted inside the diaphysis of the femur. The acetabulum of the pelvis is 
reshaped and a replacement socket is fitted into its place. The parts, which 
are always built in advance of the surgery, are sometimes custom made to 
produce the best possible fit for a patient. 

Gout is a form of arthritis that results from the deposition of uric acid 
crystals within a body joint. Usually only one or a few joints are affected, 
such as the big toe, knee, or ankle. The attack may only last a few days, but 
may return to the same or another joint. Gout occurs when the body makes 
too much uric acid or the kidneys do not properly excrete it. A diet with 
excessive fructose has been implicated in raising the chances of a 
susceptible individual developing gout. 


Other forms of arthritis are associated with various autoimmune diseases, 
bacterial infections of the joint, or unknown genetic causes. Autoimmune 
diseases, including rheumatoid arthritis, scleroderma, or systemic lupus 
erythematosus, produce arthritis because the immune system of the body 
attacks the body joints. In rheumatoid arthritis, the joint capsule and 
synovial membrane become inflamed. As the disease progresses, the 
articular cartilage is severely damaged or destroyed, resulting in joint 
deformation, loss of movement, and severe disability. The most commonly 
involved joints are the hands, feet, and cervical spine, with corresponding 
joints on both sides of the body usually affected, though not always to the 
same extent. Rheumatoid arthritis is also associated with lung fibrosis, 
vasculitis (inflammation of blood vessels), coronary heart disease, and 
premature mortality. With no known cure, treatments are aimed at 
alleviating symptoms. Exercise, anti-inflammatory and pain medications, 
various specific disease-modifying anti-rheumatic drugs, or surgery are 
used to treat rheumatoid arthritis. 
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Osteoarthritis of a synovial joint results from 
aging or prolonged joint wear and tear. These 
cause erosion and loss of the articular cartilage 
covering the surfaces of the bones, resulting in 
inflammation that causes joint stiffness and 
pain. 


Visit this website to learn about a patient who arrives at the hospital with 
joint pain and weakness in his legs. What caused this patient’s weakness? 


Rtg 


Watch this animation to observe hip replacement surgery (total hip 
arthroplasty), which can be used to alleviate the pain and loss of joint 
mobility associated with osteoarthritis of the hip joint. What is the most 
common cause of hip disability? 


Watch this video to learn about the symptoms and treatments for 
rheumatoid arthritis. Which system of the body malfunctions in rheumatoid 
arthritis and what does this cause? 


Chapter Review 


Synovial joints are the most common type of joints in the body. They are 
characterized by the presence of a joint cavity, inside of which the bones of 
the joint articulate with each other. The articulating surfaces of the bones at 
a synovial joint are not directly connected to each other by connective 
tissue or cartilage, which allows the bones to move freely against each 
other. The walls of the joint cavity are formed by the articular capsule. 
Friction between the bones is reduced by a thin layer of articular cartilage 
covering the surfaces of the bones, and by a lubricating synovial fluid, 
which is secreted by the synovial membrane. 


Synovial joints are strengthened by the presence of ligaments, which hold 
the bones together and resist excessive or abnormal movements of the joint. 
Ligaments are classified as extrinsic ligaments if they are located outside of 
the articular capsule, intrinsic ligaments if they are fused to the wall of the 
articular capsule, or intracapsular ligaments if they are located inside the 
articular capsule. Some synovial joints also have an articular disc 
(meniscus), which can provide padding between the bones, smooth their 
movements, or strongly join the bones together to strengthen the joint. 
Muscles and their tendons acting across a joint can also increase their 
contractile strength when needed, thus providing indirect support for the 
joint. 


Bursae contain a lubricating fluid that serves to reduce friction between 
structures. Subcutaneous bursae prevent friction between the skin and an 
underlying bone, submuscular bursae protect muscles from rubbing against 
a bone or another muscle, and a subtendinous bursa prevents friction 
between bone and a muscle tendon. Tendon sheaths contain a lubricating 
fluid and surround tendons to allow for smooth movement of the tendon as 
it crosses a joint. 


Based on the shape of the articulating bone surfaces and the types of 
movement allowed, synovial joints are classified into six types. At a pivot 
joint, one bone is held within a ring by a ligament and its articulation with a 
second bone. Pivot joints only allow for rotation around a single axis. These 
are found at the articulation between the C1 (atlas) and the dens of the C2 
(axis) vertebrae, which provides the side-to-side rotation of the head, or at 
the proximal radioulnar joint between the head of the radius and the radial 
notch of the ulna, which allows for rotation of the radius during forearm 
movements. Hinge joints, such as at the elbow, knee, ankle, or 
interphalangeal joints between phalanx bones of the fingers and toes, allow 
only for bending and straightening of the joint. Pivot and hinge joints are 
functionally classified as uniaxial joints. 


Condyloid joints are found where the shallow depression of one bone 
receives a rounded bony area formed by one or two bones. Condyloid joints 
are found at the base of the fingers (metacarpophalangeal joints) and at the 
wrist (radiocarpal joint). At a saddle joint, the articulating bones fit together 
like a rider and a saddle. An example is the first carpometacarpal joint 
located at the base of the thumb. Both condyloid and saddle joints are 
functionally classified as biaxial joints. 


Plane joints are formed between the small, flattened surfaces of adjacent 
bones. These joints allow the bones to slide or rotate against each other, but 
the range of motion is usually slight and tightly limited by ligaments or 
surrounding bones. This type of joint is found between the articular 
processes of adjacent vertebrae, at the acromioclavicular joint, or at the 
intercarpal joints of the hand and intertarsal joints of the foot. Ball-and- 
socket joints, in which the rounded head of a bone fits into a large 
depression or socket, are found at the shoulder and hip joints. Both plane 
and ball-and-sockets joints are classified functionally as multiaxial joints. 
However, ball-and-socket joints allow for large movements, while the 
motions between bones at a plane joint are small. 


Interactive Link Questions 


Exercise: 


Problem: 


Watch this video to see an animation of synovial joints in action. 
Synovial joints are places where bones articulate with each other 
inside of a joint cavity. The different types of synovial joints are the 
ball-and-socket joint (shoulder joint), hinge joint (knee), pivot joint 
(atlantoaxial joint, between C1 and C2 vertebrae of the neck), 
condyloid joint (radiocarpal joint of the wrist), saddle joint (first 
carpometacarpal joint, between the trapezium carpal bone and the first 
metacarpal bone, at the base of the thumb), and plane joint (facet joints 
of vertebral column, between superior and inferior articular processes). 
Which type of synovial joint allows for the widest ranges of motion? 


Solution: 


Ball-and-socket joint. 
Exercise: 
Problem: 
Visit this website to read about a patient who arrives at the hospital 


with joint pain and weakness in his legs. What caused this patient’s 
weakness? 


Solution: 


Gout is due to the accumulation of uric acid crystals in the body. 
Usually these accumulate within joints, causing joint pain. This patient 
also had crystals that accumulated in the space next to his spinal cord, 
thus compressing the spinal cord and causing muscle weakness. 


Exercise: 
Problem: 
Watch this animation to observe hip replacement surgery (total hip 
arthroplasty), which can be used to alleviate the pain and loss of joint 


mobility associated with osteoarthritis of the hip joint. What is the 
most common cause of hip disability? 


Solution: 


The most common cause of hip disability is osteoarthritis, a chronic 
disease in which the articular cartilage of the joint wears away, 
resulting in severe hip pain and stiffness. 


Exercise: 


Problem: 


Watch this video to learn about the symptoms and treatments for 
rheumatoid arthritis. Which system of the body malfunctions in 
rheumatoid arthritis and what does this cause? 


Solution: 


The immune system malfunctions and attacks healthy cells in the 
lining of your joints. This causes inflammation and pain in the joints 
and surrounding tissues. 


Review Questions 


Exercise: 


Problem: Which type of joint provides the greatest range of motion? 


a. ball-and-socket 
b. hinge 

c. condyloid 

d. plane 


Solution: 


A 


Exercise: 


Problem: Which type of joint allows for only uniaxial movement? 


a. saddle joint 

b. hinge joint 

c. condyloid joint 

d. ball-and-socket joint 


Solution: 


B 


Exercise: 


Problem: Which of the following is a type of synovial joint? 


a. a synostosis 

b. a suture 

c. a plane joint 

d. a synchondrosis 


Solution: 


C 


Exercise: 


Problem:A bursa 


a. surrounds a tendon at the point where the tendon crosses a joint 

b. secretes the lubricating fluid for a synovial joint 

c. prevents friction between skin and bone, or a muscle tendon and 
bone 

d. is the strong band of connective tissue that holds bones together at 
a synovial joint 


Solution: 


@ 


Exercise: 


Problem: At synovial joints, 


a. the articulating ends of the bones are directly connected by 
fibrous connective tissue 

b. the ends of the bones are enclosed within a space called a 
subcutaneous bursa 

c. intrinsic ligaments are located entirely inside of the articular 
capsule 

d. the joint cavity is filled with a thick, lubricating fluid 


Solution: 


a) 


Exercise: 


Problem: At a synovial joint, the synovial membrane 


a. forms the fibrous connective walls of the joint cavity 

b. is the layer of cartilage that covers the articulating surfaces of the 
bones 

c. forms the intracapsular ligaments 

d. secretes the lubricating synovial fluid 


Solution: 


D 


Exercise: 


Problem: Condyloid joints 


a. are a type of ball-and-socket joint 

b. include the radiocarpal joint 

c. are a uniaxial diarthrosis joint 

d. are found at the proximal radioulnar joint 


Solution: 
B 
Exercise: 
Problem:A meniscus is 


a. a fibrocartilage pad that provides padding between bones 

b. a fluid-filled space that prevents friction between a muscle tendon 
and underlying bone 

c. the articular cartilage that covers the ends of a bone at a synovial 
joint 

d. the lubricating fluid within a synovial joint 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 


Describe the characteristic structures found at all synovial joints. 


Solution: 


All synovial joints have a joint cavity filled with synovial fluid that is 
the site at which the bones of the joint articulate with each other. The 


articulating surfaces of the bones are covered by articular cartilage, a 
thin layer of hyaline cartilage. The walls of the joint cavity are formed 
by the connective tissue of the articular capsule. The synovial 
membrane lines the interior surface of the joint cavity and secretes the 
synovial fluid. Synovial joints are directly supported by ligaments, 
which span between the bones of the joint. These may be located 
outside of the articular capsule (extrinsic ligaments), incorporated or 
fused to the wall of the articular capsule (intrinsic ligaments), or found 
inside of the articular capsule (intracapsular ligaments). Ligaments 
hold the bones together and also serve to resist or prevent excessive or 
abnormal movements of the joint. 


Exercise: 


Problem: 


Describe the structures that provide direct and indirect support for a 
synovial joint. 


Solution: 


Direct support for a synovial joint is provided by ligaments that 
strongly unite the bones of the joint and serve to resist excessive or 
abnormal movements. Some joints, such as the sternoclavicular joint, 
have an articular disc that is attached to both bones, where it provides 
direct support by holding the bones together. Indirect joint support is 
provided by the muscles and their tendons that act across a joint. 
Muscles will increase their contractile force to help support the joint 
by resisting forces acting on it. 


Glossary 

articular capsule 
connective tissue structure that encloses the joint cavity of a synovial 
joint 


articular cartilage 


thin layer of hyaline cartilage that covers the articulating surfaces of 
bones at a synovial joint 


articular disc 
meniscus; a fibrocartilage structure found between the bones of some 
synovial joints; provides padding or smooths movements between the 
bones; strongly unites the bones together 


ball-and-socket joint 
synovial joint formed between the spherical end of one bone (the ball) 
that fits into the depression of a second bone (the socket); found at the 
hip and shoulder joints; functionally classified as a multiaxial joint 


bursa 
connective tissue sac containing lubricating fluid that prevents friction 
between adjacent structures, such as skin and bone, tendons and bone, 
or between muscles 


condyloid joint 
synovial joint in which the shallow depression at the end of one bone 
receives a rounded end from a second bone or a rounded structure 
formed by two bones; found at the metacarpophalangeal joints of the 
fingers or the radiocarpal joint of the wrist; functionally classified as a 
biaxial joint 
extrinsic ligament 
ligament located outside of the articular capsule of a synovial joint 
hinge joint 
synovial joint at which the convex surface of one bone articulates with 


the concave surface of a second bone; includes the elbow, knee, ankle, 
and interphalangeal joints; functionally classified as a uniaxial joint 


intracapsular ligament 
ligament that is located within the articular capsule of a synovial joint 


intrinsic ligament 


ligament that is fused to or incorporated into the wall of the articular 
capsule of a synovial joint 


meniscus 
articular disc 


pivot joint 
synovial joint at which the rounded portion of a bone rotates within a 
ring formed by a ligament and an articulating bone; functionally 
classified as uniaxial joint 


plane joint 
synovial joint formed between the flattened articulating surfaces of 
adjacent bones; functionally classified as a multiaxial joint 


proximal radioulnar joint 
articulation between head of radius and radial notch of ulna; uniaxial 
pivot joint that allows for rotation of radius during 
pronation/supination of forearm 


saddle joint 
synovial joint in which the articulating ends of both bones are convex 
and concave in shape, such as at the first carpometacarpal joint at the 
base of the thumb; functionally classified as a biaxial joint 


subcutaneous bursa 
bursa that prevents friction between skin and an underlying bone 


submuscular bursa 
bursa that prevents friction between bone and a muscle or between 
adjacent muscles 


subtendinous bursa 
bursa that prevents friction between bone and a muscle tendon 


synovial fluid 
thick, lubricating fluid that fills the interior of a synovial joint 


synovial membrane 
thin layer that lines the inner surface of the joint cavity at a synovial 
joint; produces the synovial fluid 


tendon 
dense connective tissue structure that anchors a muscle to bone 


tendon sheath 
connective tissue that surrounds a tendon at places where the tendon 
crosses a joint; contains a lubricating fluid to prevent friction and 
allow smooth movements of the tendon 


Types of Body Movements 
By the end of this section, you will be able to: 


¢ Define the different types of body movements 
¢ Identify the joints that allow for these motions 


Synovial joints allow the body a tremendous range of movements. Each 
movement at a synovial joint results from the contraction or relaxation of 
the muscles that are attached to the bones on either side of the articulation. 
The type of movement that can be produced at a synovial joint is 
determined by its structural type. While the ball-and-socket joint gives the 
greatest range of movement at an individual joint, in other regions of the 
body, several joints may work together to produce a particular movement. 
Overall, each type of synovial joint is necessary to provide the body with its 
great flexibility and mobility. There are many types of movement that can 
occur at synovial joints ({link]). Movement types are generally paired, with 
one being the opposite of the other. Body movements are always described 
in relation to the anatomical position of the body: upright stance, with upper 
limbs to the side of body and palms facing forward. Refer to [link] as you 
go through this section. 


Note: 
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Watch this video to learn about anatomical motions. What motions involve 
increasing or decreasing the angle of the foot at the ankle? 


Movements of the Body, Part 1 
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and extension of the vertebral and circumduction of the upper limb at the 
column shoulder 


Synovial joints give the body many ways in which to move. 
(a)—(b) Flexion and extension motions are in the sagittal 
(anterior—posterior) plane of motion. These movements take 
place at the shoulder, hip, elbow, knee, wrist, 
metacarpophalangeal, metatarsophalangeal, and 
interphalangeal joints. (c)-(d) Anterior bending of the head or 
vertebral column is flexion, while any posterior-going 
movement is extension. (e) Abduction and adduction are 


motions of the limbs, hand, fingers, or toes in the coronal 
(medial—lateral) plane of movement. Moving the limb or hand 
laterally away from the body, or spreading the fingers or toes, 
is abduction. Adduction brings the limb or hand toward or 
across the midline of the body, or brings the fingers or toes 
together. Circumduction is the movement of the limb, hand, or 
fingers in a circular pattern, using the sequential combination 
of flexion, adduction, extension, and abduction motions. 
Adduction/abduction and circumduction take place at the 
shoulder, hip, wrist, metacarpophalangeal, and 
metatarsophalangeal joints. (f) Turning of the head side to side 
or twisting of the body is rotation. Medial and lateral rotation 
of the upper limb at the shoulder or lower limb at the hip 
involves turning the anterior surface of the limb toward the 
midline of the body (medial or internal rotation) or away from 
the midline (lateral or external rotation). 


Movements of the Body, Part 2 
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(g) Supination of the forearm turns the hand to the palm 
forward position in which the radius and ulna are parallel, 
while forearm pronation turns the hand to the palm 
backward position in which the radius crosses over the ulna 
to form an "X." (h) Dorsiflexion of the foot at the ankle 
joint moves the top of the foot toward the leg, while plantar 
flexion lifts the heel and points the toes. (i) Eversion of the 
foot moves the bottom (sole) of the foot away from the 
midline of the body, while foot inversion faces the sole 
toward the midline. (j) Protraction of the mandible pushes 
the chin forward, and retraction pulls the chin back. (k) 
Depression of the mandible opens the mouth, while 


elevation closes it. (1) Opposition of the thumb brings the 
tip of the thumb into contact with the tip of the fingers of 
the same hand and reposition brings the thumb back next to 
the index finger. 


Flexion and Extension 


Flexion and extension are movements that take place within the sagittal 
plane and involve anterior or posterior movements of the body or limbs. For 
the vertebral column, flexion (anterior flexion) is an anterior (forward) 
bending of the neck or body, while extension involves a posterior-directed 
motion, such as straightening from a flexed position or bending backward. 
Lateral flexion is the bending of the neck or body toward the right or left 
side. These movements of the vertebral column involve both the symphysis 
joint formed by each intervertebral disc, as well as the plane type of 
synovial joint formed between the inferior articular processes of one 
vertebra and the superior articular processes of the next lower vertebra. 


In the limbs, flexion decreases the angle between the bones (bending of the 
joint), while extension increases the angle and straightens the joint. For the 
upper limb, all anterior-going motions are flexion and all posterior-going 
motions are extension. These include anterior-posterior movements of the 
arm at the shoulder, the forearm at the elbow, the hand at the wrist, and the 
fingers at the metacarpophalangeal and interphalangeal joints. For the 
thumb, extension moves the thumb away from the palm of the hand, within 
the same plane as the palm, while flexion brings the thumb back against the 
index finger or into the palm. These motions take place at the first 
carpometacarpal joint. In the lower limb, bringing the thigh forward and 
upward is flexion at the hip joint, while any posterior-going motion of the 
thigh is extension. Note that extension of the thigh beyond the anatomical 
(standing) position is greatly limited by the ligaments that support the hip 
joint. Knee flexion is the bending of the knee to bring the foot toward the 
posterior thigh, and extension is the straightening of the knee. Flexion and 
extension movements are seen at the hinge, condyloid, saddle, and ball-and- 
socket joints of the limbs (see [link ]a-d). 


Hyperextension is the abnormal or excessive extension of a joint beyond 
its normal range of motion, thus resulting in injury. Similarly, hyperflexion 
is excessive flexion at a joint. Hyperextension injuries are common at hinge 
joints such as the knee or elbow. In cases of “whiplash” in which the head is 
suddenly moved backward and then forward, a patient may experience both 
hyperextension and hyperflexion of the cervical region. 


Abduction and Adduction 


Abduction and adduction motions occur within the coronal plane and 
involve medial-lateral motions of the limbs, fingers, toes, or thumb. 
Abduction moves the limb laterally away from the midline of the body, 
while adduction is the opposing movement that brings the limb toward the 
body or across the midline. For example, abduction is raising the arm at the 
shoulder joint, moving it laterally away from the body, while adduction 
brings the arm down to the side of the body. Similarly, abduction and 
adduction at the wrist moves the hand away from or toward the midline of 
the body. Spreading the fingers or toes apart is also abduction, while 
bringing the fingers or toes together is adduction. For the thumb, abduction 
is the anterior movement that brings the thumb to a 90° perpendicular 
position, pointing straight out from the palm. Adduction moves the thumb 
back to the anatomical position, next to the index finger. Abduction and 
adduction movements are seen at condyloid, saddle, and ball-and-socket 
joints (see [link]e). 


Circumduction 


Circumduction is the movement of a body region in a circular manner, in 
which one end of the body region being moved stays relatively stationary 
while the other end describes a circle. It involves the sequential 
combination of flexion, adduction, extension, and abduction at a joint. This 
type of motion is found at biaxial condyloid and saddle joints, and at 
multiaxial ball-and-sockets joints (see [link]e). 


Rotation 


Rotation can occur within the vertebral column, at a pivot joint, or at a 
ball-and-socket joint. Rotation of the neck or body is the twisting 
movement produced by the summation of the small rotational movements 
available between adjacent vertebrae. At a pivot joint, one bone rotates in 
relation to another bone. This is a uniaxial joint, and thus rotation is the 
only motion allowed at a pivot joint. For example, at the atlantoaxial joint, 
the first cervical (C1) vertebra (atlas) rotates around the dens, the upward 
projection from the second cervical (C2) vertebra (axis). This allows the 
head to rotate from side to side as when shaking the head “no.” The 
proximal radioulnar joint is a pivot joint formed by the head of the radius 
and its articulation with the ulna. This joint allows for the radius to rotate 
along its length during pronation and supination movements of the forearm. 


Rotation can also occur at the ball-and-socket joints of the shoulder and hip. 
Here, the humerus and femur rotate around their long axis, which moves the 
anterior surface of the arm or thigh either toward or away from the midline 
of the body. Movement that brings the anterior surface of the limb toward 
the midline of the body is called medial (internal) rotation. Conversely, 
rotation of the limb so that the anterior surface moves away from the 
midline is lateral (external) rotation (see [link |f). Be sure to distinguish 
medial and lateral rotation, which can only occur at the multiaxial shoulder 
and hip joints, from circumduction, which can occur at either biaxial or 
multiaxial joints. 


Supination and Pronation 


Supination and pronation are movements of the forearm. In the anatomical 
position, the upper limb is held next to the body with the palm facing 
forward. This is the supinated position of the forearm. In this position, the 
radius and ulna are parallel to each other. When the palm of the hand faces 
backward, the forearm is in the pronated position, and the radius and ulna 
form an X-shape. 


Supination and pronation are the movements of the forearm that go between 
these two positions. Pronation is the motion that moves the forearm from 
the supinated (anatomical) position to the pronated (palm backward) 
position. This motion is produced by rotation of the radius at the proximal 


radioulnar joint, accompanied by movement of the radius at the distal 
radioulnar joint. The proximal radioulnar joint is a pivot joint that allows 
for rotation of the head of the radius. Because of the slight curvature of the 
shaft of the radius, this rotation causes the distal end of the radius to cross 
over the distal ulna at the distal radioulnar joint. This crossing over brings 
the radius and ulna into an X-shape position. Supination is the opposite 
motion, in which rotation of the radius returns the bones to their parallel 
positions and moves the palm to the anterior facing (supinated) position. It 
helps to remember that supination is the motion you use when scooping up 
soup with a spoon (see [link]g). 


Dorsiflexion and Plantar Flexion 


Dorsiflexion and plantar flexion are movements at the ankle joint, which 
is a hinge joint. Lifting the front of the foot, so that the top of the foot 
moves toward the anterior leg is dorsiflexion, while lifting the heel of the 
foot from the ground or pointing the toes downward is plantar flexion. 
These are the only movements available at the ankle joint (see [link]h). 


Inversion and Eversion 


Inversion and eversion are complex movements that involve the multiple 
plane joints among the tarsal bones of the posterior foot (intertarsal joints) 
and thus are not motions that take place at the ankle joint. Inversion is the 
turning of the foot to angle the bottom of the foot toward the midline, while 
eversion turns the bottom of the foot away from the midline. The foot has a 
greater range of inversion than eversion motion. These are important 
motions that help to stabilize the foot when walking or running on an 
uneven surface and aid in the quick side-to-side changes in direction used 
during active sports such as basketball, racquetball, or soccer (see [link ]i). 


Protraction and Retraction 


Protraction and retraction are anterior-posterior movements of the scapula 
or mandible. Protraction of the scapula occurs when the shoulder is moved 
forward, as when pushing against something or throwing a ball. Retraction 


is the opposite motion, with the scapula being pulled posteriorly and 
medially, toward the vertebral column. For the mandible, protraction occurs 
when the lower jaw is pushed forward, to stick out the chin, while retraction 
pulls the lower jaw backward. (See [link]j.) 


Depression and Elevation 


Depression and elevation are downward and upward movements of the 
scapula or mandible. The upward movement of the scapula and shoulder is 
elevation, while a downward movement is depression. These movements 
are used to shrug your shoulders. Similarly, elevation of the mandible is the 
upward movement of the lower jaw used to close the mouth or bite on 
something, and depression is the downward movement that produces 
opening of the mouth (see [link ]k). 


Excursion 


Excursion is the side to side movement of the mandible. Lateral excursion 
moves the mandible away from the midline, toward either the right or left 
side. Medial excursion returns the mandible to its resting position at the 
midline. 


Superior Rotation and Inferior Rotation 


Superior and inferior rotation are movements of the scapula and are defined 
by the direction of movement of the glenoid cavity. These motions involve 
rotation of the scapula around a point inferior to the scapular spine and are 
produced by combinations of muscles acting on the scapula. During 
superior rotation, the glenoid cavity moves upward as the medial end of 
the scapular spine moves downward. This is a very important motion that 
contributes to upper limb abduction. Without superior rotation of the 
scapula, the greater tubercle of the humerus would hit the acromion of the 
scapula, thus preventing any abduction of the arm above shoulder height. 
Superior rotation of the scapula is thus required for full abduction of the 
upper limb. Superior rotation is also used without arm abduction when 
carrying a heavy load with your hand or on your shoulder. You can feel this 


rotation when you pick up a load, such as a heavy book bag and carry it on 
only one shoulder. To increase its weight-bearing support for the bag, the 
shoulder lifts as the scapula superiorly rotates. Inferior rotation occurs 
during limb adduction and involves the downward motion of the glenoid 
cavity with upward movement of the medial end of the scapular spine. 


Opposition and Reposition 


Opposition is the thumb movement that brings the tip of the thumb in 
contact with the tip of a finger. This movement is produced at the first 
carpometacarpal joint, which is a saddle joint formed between the 
trapezium carpal bone and the first metacarpal bone. Thumb opposition is 
produced by a combination of flexion and abduction of the thumb at this 
joint. Returning the thumb to its anatomical position next to the index finger 
is called reposition (see [link]l). 


Movements of the Joints 


Type of 
Joint Movement Example 
Atlantoaxial joint (C1- 
Pivot Uniaxial joint; allows C2 vertebrae 
rotational movement articulation); proximal 
radioulnar joint 
Uniaxial joint; allows Knee; elbow; ankle; 
Hinge flexion/extension interphalangeal joints 


movements of fingers and toes 


Movements of the Joints 


Type of 
Joint Movement 


Biaxial joint; allows 
flexion/extension, 

Condyloid abduction/adduction, and 
circumduction 
movements 


Biaxial joint; allows 
flexion/extension, 

Saddle abduction/adduction, and 
circumduction 
movements 


Multiaxial joint; allows 
inversion and eversion of 
foot, or flexion, 
extension, and lateral 
flexion of the vertebral 
column 


Plane 


Multiaxial joint; allows 
flexion/extension, 
Ball-and- abduction/adduction, 
socket circumduction, and 
medial/lateral rotation 
movements 


Chapter Review 


The variety of movements provided by the different types of synovial joints 


Example 


Metacarpophalangeal 
(knuckle) joints of 
fingers; radiocarpal 
joint of wrist; 
metatarsophalangeal 
joints for toes 


First carpometacarpal 
joint of the thumb; 
stemoclavicular joint 


Intertarsal joints of 
foot; superior-inferior 
articular process 
articulations between 
vertebrae 


Shoulder and hip joints 


allows for a large range of body motions and gives you tremendous 


mobility. These movements allow you to flex or extend your body or limbs, 
medially rotate and adduct your arms and flex your elbows to hold a heavy 
object against your chest, raise your arms above your head, rotate or shake 
your head, and bend to touch the toes (with or without bending your knees). 


Each of the different structural types of synovial joints also allow for 
specific motions. The atlantoaxial pivot joint provides side-to-side rotation 
of the head, while the proximal radioulnar articulation allows for rotation of 
the radius during pronation and supination of the forearm. Hinge joints, 
such as at the knee and elbow, allow only for flexion and extension. 
Similarly, the hinge joint of the ankle only allows for dorsiflexion and 
plantar flexion of the foot. 


Condyloid and saddle joints are biaxial. These allow for flexion and 
extension, and abduction and adduction. The sequential combination of 
flexion, adduction, extension, and abduction produces circumduction. 
Multiaxial plane joints provide for only small motions, but these can add 
together over several adjacent joints to produce body movement, such as 
inversion and eversion of the foot. Similarly, plane joints allow for flexion, 
extension, and lateral flexion movements of the vertebral column. The 
multiaxial ball and socket joints allow for flexion-extension, abduction- 
adduction, and circumduction. In addition, these also allow for medial 
(internal) and lateral (external) rotation. Ball-and-socket joints have the 
greatest range of motion of all synovial joints. 


Interactive Link Questions 


Exercise: 


Problem: 


Watch this video to learn about anatomical motions. What motions 
involve increasing or decreasing the angle of the foot at the ankle? 


Solution: 


Dorsiflexion of the foot at the ankle decreases the angle of the ankle 
joint, while plantar flexion increases the angle of the ankle joint. 


Chapter Review 


Exercise: 
Problem: 


The joints between the articular processes of adjacent vertebrae can 
contribute to which movement? 


a. lateral flexion 
b. circumduction 
c. dorsiflexion 

d. abduction 


Solution: 


A 
Exercise: 


Problem: 


Which motion moves the bottom of the foot away from the midline of 
the body? 


a. elevation 

b. dorsiflexion 

c. eversion 

d. plantar flexion 


Solution: 


GC 


Exercise: 


Problem: 


Movement of a body region in a circular movement at a condyloid 
joint is what type of motion? 


a. rotation 

b. elevation 

c. abduction 

d. circumduction 


Solution: 


D 


Exercise: 


Problem: Supination is the motion that moves the 


a. hand from the palm backward position to the palm forward 
position 

b. foot so that the bottom of the foot faces the midline of the body 

c. hand from the palm forward position to the palm backward 
position 

d. scapula in an upward direction 


Solution: 


A 
Exercise: 


Problem: 


Movement at the shoulder joint that moves the upper limb laterally 
away from the body is called 


a. elevation 


b. eversion 
c. abduction 
d. lateral rotation 


Solution: 


‘Ss 


Critical Thinking Questions 


Exercise: 
Problem: 


Briefly define the types of joint movements available at a ball-and- 
socket joint. 


Solution: 


Ball-and-socket joints are multiaxial joints that allow for flexion and 
extension, abduction and adduction, circumduction, and medial and 
lateral rotation. 


Exercise: 


Problem: 


Discuss the joints involved and movements required for you to cross 
your arms together in front of your chest. 


Solution: 


To cross your arms, you need to use both your shoulder and elbow 
joints. At the shoulder, the arm would need to flex and medially rotate. 
At the elbow, the forearm would need to be flexed. 


Glossary 


abduction 
movement in the coronal plane that moves a limb laterally away from 
the body; spreading of the fingers 


adduction 
movement in the coronal plane that moves a limb medially toward or 
across the midline of the body; bringing fingers together 


circumduction 
circular motion of the arm, thigh, hand, thumb, or finger that is 
produced by the sequential combination of flexion, abduction, 
extension, and adduction 


depression 
downward (inferior) motion of the scapula or mandible 


dorsiflexion 
movement at the ankle that brings the top of the foot toward the 
anterior leg 


elevation 
upward (superior) motion of the scapula or mandible 


eversion 
foot movement involving the intertarsal joints of the foot in which the 
bottom of the foot is turned laterally, away from the midline 


extension 
movement in the sagittal plane that increases the angle of a joint 
(straightens the joint); motion involving posterior bending of the 
vertebral column or returning to the upright position from a flexed 
position 


flexion 
movement in the sagittal plane that decreases the angle of a joint 
(bends the joint); motion involving anterior bending of the vertebral 
column 


hyperextension 
excessive extension of joint, beyond the normal range of movement 


hyperflexion 
excessive flexion of joint, beyond the normal range of movement 


inferior rotation 
movement of the scapula during upper limb adduction in which the 
glenoid cavity of the scapula moves in a downward direction as the 
medial end of the scapular spine moves in an upward direction 


inversion 
foot movement involving the intertarsal joints of the foot in which the 
bottom of the foot is turned toward the midline 


lateral excursion 
side-to-side movement of the mandible away from the midline, toward 
either the right or left side 


lateral flexion 
bending of the neck or body toward the right or left side 


lateral (external) rotation 
movement of the arm at the shoulder joint or the thigh at the hip joint 
that moves the anterior surface of the limb away from the midline of 
the body 


medial excursion 
side-to-side movement that returns the mandible to the midline 


medial (internal) rotation 
movement of the arm at the shoulder joint or the thigh at the hip joint 
that brings the anterior surface of the limb toward the midline of the 
body 


opposition 
thumb movement that brings the tip of the thumb in contact with the 
tip of a finger 


plantar flexion 
foot movement at the ankle in which the heel is lifted off of the ground 


pronated position 
forearm position in which the palm faces backward 


pronation 
forearm motion that moves the palm of the hand from the palm 
forward to the palm backward position 


protraction 
anterior motion of the scapula or mandible 


reposition 
movement of the thumb from opposition back to the anatomical 
position (next to index finger) 


retraction 
posterior motion of the scapula or mandible 


rotation 
movement of a bone around a central axis (atlantoaxial joint) or around 
its long axis (proximal radioulnar joint; shoulder or hip joint); twisting 
of the vertebral column resulting from the summation of small motions 
between adjacent vertebrae 


superior rotation 
movement of the scapula during upper limb abduction in which the 
glenoid cavity of the scapula moves in an upward direction as the 
medial end of the scapular spine moves in a downward direction 


supinated position 
forearm position in which the palm faces anteriorly (anatomical 
position) 


supination 
forearm motion that moves the palm of the hand from the palm 
backward to the palm forward position 


Interactions of Skeletal Muscles, Their Fascicle Arrangement, and Their 
Lever Systems 
By the end of this section, you will be able to: 


e Compare and contrast agonist and antagonist muscles 

e Describe how fascicles are arranged within a skeletal muscle 

e Explain the major events of a skeletal muscle contraction within a 
muscle in generating force 


To move the skeleton, the tension created by the contraction of the fibers in 
most skeletal muscles is transferred to the tendons. The tendons are strong 
bands of dense, regular connective tissue that connect muscles to bones. 
The bone connection is why this muscle tissue is called skeletal muscle. 


Interactions of Skeletal Muscles in the Body 


To pull on a bone, that is, to change the angle at its synovial joint, which 
essentially moves the skeleton, a skeletal muscle must also be attached to a 
fixed part of the skeleton. The moveable end of the muscle that attaches to 
the bone being pulled is called the muscle’s insertion, and the end of the 
muscle attached to a fixed (stabilized) bone is called the origin. During 
forearm flexion—bending the elbow—the brachioradialis assists the 
brachialis. 


Although a number of muscles may be involved in an action, the principal 
muscle involved is called the prime mover, or agonist. To lift a cup, a 
muscle called the biceps brachii is actually the prime mover; however, 
because it can be assisted by the brachialis, the brachialis is called a 
synergist in this action ([link]). A synergist can also be a fixator that 
stabilizes the bone that is the attachment for the prime mover’s origin. 
Prime Movers and Synergists 


Biceps brachii 
(prime mover) 


Brachioradialis 
(synergist) 


Biceps brachii 
(dissected) 


Brachialis 
(synergist) 


Brachioradialis 


The biceps brachii flex the lower arm. The 
brachoradialis, in the forearm, and brachialis, 
located deep to the biceps in the upper arm, are 
both synergists that aid in this motion. 


A muscle with the opposite action of the prime mover is called an 
antagonist. Antagonists play two important roles in muscle function: (1) 
they maintain body or limb position, such as holding the arm out or 
standing erect; and (2) they control rapid movement, as in shadow boxing 
without landing a punch or the ability to check the motion of a limb. 


For example, to extend the knee, a group of four muscles called the 
quadriceps femoris in the anterior compartment of the thigh are activated 
(and would be called the agonists of knee extension). However, to flex the 
knee joint, an opposite or antagonistic set of muscles called the hamstrings 


is activated. 


As you can see, these terms would also be reversed for the opposing action. 
If you consider the first action as the knee bending, the hamstrings would 


be called the agonists and the quadriceps femoris would then be called the 
antagonists. See [link] for a list of some agonists and antagonists. 


Agonist and Antagonist Skeletal Muscle Pairs 


Agonist 


Biceps brachii: 
in the anterior 
compartment of 
the arm 


Hamstrings: 
group of three 
muscles in the 
posterior 
compartment of 
the thigh 


Flexor 
digitorum 
superficialis 
and flexor 
digitorum 
profundus: in 
the anterior 
compartment of 
the forearm 


Antagonist 


Triceps 
brachii: in 
the posterior 
compartment 
of the arm 


Quadriceps 
femoris: 
group of 
four muscles 
in the 
anterior 
compartment 
of the thigh 


Extensor 
digitorum: in 
the posterior 
compartment 
of the 
forearm 


Movement 


The biceps brachii flexes the 
forearm, whereas the triceps 
brachii extends it. 


The hamstrings flex the leg, 
whereas the quadriceps 
femoris extend it. 


The flexor digitorum 
superficialis and flexor 
digitorum profundus flex the 
fingers and the hand at the 
wrist, whereas the extensor 
digitorum extends the fingers 
and the hand at the wrist. 


There are also skeletal muscles that do not pull against the skeleton for 
movements. For example, there are the muscles that produce facial 
expressions. The insertions and origins of facial muscles are in the skin, so 
that certain individual muscles contract to form a smile or frown, form 
sounds or words, and raise the eyebrows. There also are skeletal muscles in 
the tongue, and the external urinary and anal sphincters that allow for 
voluntary regulation of urination and defecation, respectively. In addition, 
the diaphragm contracts and relaxes to change the volume of the pleural 
cavities but it does not move the skeleton to do this. 


Note: 

Everyday Connections 

Exercise and Stretching 

When exercising, it is important to first warm up the muscles. Stretching 
pulls on the muscle fibers and it also results in an increased blood flow to 
the muscles being worked. Without a proper warm-up, it is possible that 
you may either damage some of the muscle fibers or pull a tendon. A 
pulled tendon, regardless of location, results in pain, swelling, and 
diminished function; if it is moderate to severe, the injury could 
immobilize you for an extended period. 

Recall the discussion about muscles crossing joints to create movement. 
Most of the joints you use during exercise are synovial joints, which have 
synovial fluid in the joint space between two bones. Exercise and 
stretching may also have a beneficial effect on synovial joints. Synovial 
fluid is a thin, but viscous film with the consistency of egg whites. When 
you first get up and start moving, your joints feel stiff for a number of 
reasons. After proper stretching and warm-up, the synovial fluid may 
become less viscous, allowing for better joint function. 


Patterns of Fascicle Organization 


Skeletal muscle is enclosed in connective tissue scaffolding at three levels. 
Each muscle fiber (cell) is covered by endomysium and the entire muscle is 
covered by epimysium. When a group of muscle fibers is “bundled” as a 


unit within the whole muscle by an additional covering of a connective 
tissue called perimysium, that bundled group of muscle fibers is called a 
fascicle. Fascicle arrangement by perimysia is correlated to the force 
generated by a muscle; it also affects the range of motion of the muscle. 
Based on the patterns of fascicle arrangement, skeletal muscles can be 
classified in several ways. What follows are the most common fascicle 
arrangements. 


Parallel muscles have fascicles that are arranged in the same direction as 
the long axis of the muscle ([link]). The majority of skeletal muscles in the 
body have this type of organization. Some parallel muscles are flat sheets 
that expand at the ends to make broad attachments. Other parallel muscles 
are rotund with tendons at one or both ends. Muscles that seem to be plump 
have a large mass of tissue located in the middle of the muscle, between the 
insertion and the origin, which is known as the central body. A more 
common name for this muscle is belly. When a muscle contracts, the 
contractile fibers shorten it to an even larger bulge. For example, extend and 
then flex your biceps brachii muscle; the large, middle section is the belly 
({link]). When a parallel muscle has a central, large belly that is spindle- 
shaped, meaning it tapers as it extends to its origin and insertion, it 
sometimes is called fusiform. 

Muscle Shapes and Fiber Alignment 


Orbicularis oris 


Circular 


Deltoid 


Multipennate 


Convergent 


Extensor digitorum 


Biceps brachii (posterior view) 


To origin 


Parallel- Belly 


fusiform Unipennate 


To insertion —— 


Rectus femoris 


Bipennate 


\\ 
Parallel 
( (non-fusiform) 
ma 
{ 


The skeletal muscles of the body typically come in 
seven different general shapes. 


Biceps Brachii Muscle Contraction 


The large mass at the center of a muscle is 
called the belly. Tendons emerge from 
both ends of the belly and connect the 

muscle to the bones, allowing the skeleton 

to move. The tendons of the bicep connect 
to the upper arm and the forearm. (credit: 
Victoria Garcia) 


Circular muscles are also called sphincters (see [link]). When they relax, 
the sphincters’ concentrically arranged bundles of muscle fibers increase 
the size of the opening, and when they contract, the size of the opening 
shrinks to the point of closure. The orbicularis oris muscle is a circular 
muscle that goes around the mouth. When it contracts, the oral opening 
becomes smaller, as when puckering the lips for whistling. Another 
example is the orbicularis oculi, one of which surrounds each eye. Consider, 
for example, the names of the two orbicularis muscles (orbicularis oris and 
oribicularis oculi), where part of the first name of both muscles is the same. 
The first part of orbicularis, orb (orb = “circular”), is a reference to a round 
or circular structure; it may also make one think of orbit, such as the moon’s 


path around the earth. The word oris (oris = “oral”) refers to the oral cavity, 
or the mouth. The word oculi (ocular = “eye’”) refers to the eye. 


There are other muscles throughout the body named by their shape or 
location. The deltoid is a large, triangular-shaped muscle that covers the 
shoulder. It is so-named because the Greek letter delta looks like a triangle. 
The rectus abdomis (rector = “straight”) is the straight muscle in the 
anterior wall of the abdomen, while the rectus femoris is the straight muscle 
in the anterior compartment of the thigh. 


When a muscle has a widespread expansion over a sizable area, but then the 
fascicles come to a single, common attachment point, the muscle is called 
convergent. The attachment point for a convergent muscle could be a 
tendon, an aponeurosis (a flat, broad tendon), or a raphe (a very slender 
tendon). The large muscle on the chest, the pectoralis major, is an example 
of a convergent muscle because it converges on the greater tubercle of the 
humerus via a tendon. The temporalis muscle of the cranium is another. 


Pennate muscles (penna = “feathers”) blend into a tendon that runs through 
the central region of the muscle for its whole length, somewhat like the 
quill of a feather with the muscle arranged similar to the feathers. Due to 
this design, the muscle fibers in a pennate muscle can only pull at an angle, 
and as a result, contracting pennate muscles do not move their tendons very 
far. However, because a pennate muscle generally can hold more muscle 
fibers within it, it can produce relatively more tension for its size. There are 
three subtypes of pennate muscles. 


In a unipennate muscle, the fascicles are located on one side of the tendon. 
The extensor digitorum of the forearm is an example of a unipennate 
muscle. A bipennate muscle has fascicles on both sides of the tendon. In 
some pennate muscles, the muscle fibers wrap around the tendon, 
sometimes forming individual fascicles in the process. This arrangement is 
referred to as multipennate. A common example is the deltoid muscle of 
the shoulder, which covers the shoulder but has a single tendon that inserts 
on the deltoid tuberosity of the humerus. 


Because of fascicles, a portion of a multipennate muscle like the deltoid can 
be stimulated by the nervous system to change the direction of the pull. For 


example, when the deltoid muscle contracts, the arm abducts (moves away 
from midline in the sagittal plane), but when only the anterior fascicle is 
stimulated, the arm will abduct and flex (move anteriorly at the shoulder 
joint). 


The Lever System of Muscle and Bone Interactions 


Skeletal muscles do not work by themselves. Muscles are arranged in pairs 
based on their functions. For muscles attached to the bones of the skeleton, 
the connection determines the force, speed, and range of movement. These 
characteristics depend on each other and can explain the general 
organization of the muscular and skeletal systems. 


The skeleton and muscles act together to move the body. Have you ever 
used the back of a hammer to remove a nail from wood? The handle acts as 
a lever and the head of the hammer acts as a fulcrum, the fixed point that 
the force is applied to when you pull back or push down on the handle. The 
effort applied to this system is the pulling or pushing on the handle to 
remove the nail, which is the load, or “resistance” to the movement of the 
handle in the system. Our musculoskeletal system works in a similar 
manner, with bones being stiff levers and the articular endings of the bones 
—encased in synovial joints—acting as fulcrums. The load would be an 
object being lifted or any resistance to a movement (your head is a load 
when you are lifting it), and the effort, or applied force, comes from 
contracting skeletal muscle. 


Chapter Review 


Skeletal muscles each have an origin and an insertion. The end of the 
muscle that attaches to the bone being pulled is called the muscle’s insertion 
and the end of the muscle attached to a fixed, or stabilized, bone is called 
the origin. The muscle primarily responsible for a movement is called the 
prime mover, and muscles that assist in this action are called synergists. A 
synergist that makes the insertion site more stable is called a fixator. 
Meanwhile, a muscle with the opposite action of the prime mover is called 
an antagonist. Several factors contribute to the force generated by a skeletal 
muscle. One is the arrangement of the fascicles in the skeletal muscle. 


Fascicles can be parallel, circular, convergent, pennate, fusiform, or 
triangular. Each arrangement has its own range of motion and ability to do 
work. 


Review Questions 


Exercise: 


Problem: 
Which of the following is unique to the muscles of facial expression? 


a. They all originate from the scalp musculature. 

b. They insert onto the cartilage found around the face. 
c. They only insert onto the facial bones. 

d. They insert into the skin. 


Solution: 


D 


Exercise: 


Problem: Which of the following helps an agonist work? 


a. a Synergist 
b. a fixator 

c. an insertion 
d. an antagonist 


Solution: 


A 


Exercise: 


Problem: 


Which of the following statements is correct about what happens 
during flexion? 


a. The angle between bones is increased. 

b. The angle between bones is decreased. 

c. The bone moves away from the body. 

d. The bone moves toward the center of the body. 


Solution: 


B 


Exercise: 


Problem: Which is moved the /east during muscle contraction? 


a. the origin 
b. the insertion 
c. the ligaments 
d. the joints 


Solution: 


A 


Exercise: 


Problem: Which muscle has a convergent pattern of fascicles? 


a. biceps brachii 
b. gluteus maximus 
c. pectoralis major 
d. rectus femoris 


Solution: 


C 
Exercise: 


Problem: 


A muscle that has a pattern of fascicles running along the long axis of 
the muscle has which of the following fascicle arrangements? 


a. Circular 
b. pennate 
c. parallel 
d. rectus 


Solution: 


C 


Exercise: 


Problem: Which arrangement best describes a bipennate muscle? 


a. The muscle fibers feed in on an angle to a long tendon from both 
sides. 

b. The muscle fibers feed in on an angle to a long tendon from all 
directions. 

c. The muscle fibers feed in on an angle to a long tendon from one 
side. 

d. The muscle fibers on one side of a tendon feed into it at a certain 
angle and muscle fibers on the other side of the tendon feed into it 
at the opposite angle. 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 
What effect does fascicle arrangement have on a muscle’s action? 
Solution: 


Fascicle arrangements determine what type of movement a muscle can 

make. For instance, circular muscles act as sphincters, closing orifices. 
Exercise: 

Problem: 


Movements of the body occur at joints. Describe how muscles are 
arranged around the joints of the body. 


Solution: 


Muscles work in pairs to facilitate movement of the bones around the 
joints. Agonists are the prime movers while antagonists oppose or 
resist the movements of the agonists. Synergists assist the agonists, and 
fixators stabilize a muscle’s origin. 


Exercise: 
Problem:Explain how a synergist assists an agonist by being a fixator. 
Solution: 
Agonists are the prime movers while antagonists oppose or resist the 


movements of the agonists. Synergists assist the agonists, and fixators 
stabilize a muscle’s origin. 


Glossary 


abduct 
move away from midline in the sagittal plane 


agonist 
(also, prime mover) muscle whose contraction is responsible for 
producing a particular motion 


antagonist 
muscle that opposes the action of an agonist 


belly 
bulky central body of a muscle 


bipennate 
pennate muscle that has fascicles that are located on both sides of the 
tendon 


circular 
(also, sphincter) fascicles that are concentrically arranged around an 
opening 


convergent 
fascicles that extend over a broad area and converge on a common 
attachment site 


fascicle 
muscle fibers bundled by perimysium into a unit 


fixator 
synergist that assists an agonist by preventing or reducing movement at 
another joint, thereby stabilizing the origin of the agonist 


flexion 
movement that decreases the angle of a joint 


fusiform 
muscle that has fascicles that are spindle-shaped to create large bellies 


insertion 


end of a skeletal muscle that is attached to the structure (usually a 
bone) that is moved when the muscle contracts 


multipennate 
pennate muscle that has a tendon branching within it 


origin 
end of a skeletal muscle that is attached to another structure (usually a 
bone) in a fixed position 


parallel 
fascicles that extend in the same direction as the long axis of the 
muscle 


pennate 
fascicles that are arranged differently based on their angles to the 
tendon 


prime mover 
(also, agonist) principle muscle involved in an action 


synergist 
muscle whose contraction helps a prime mover in an action 


unipennate 
pennate muscle that has fascicles located on one side of the tendon 


Naming Skeletal Muscles 
By the end of this section, you will be able to: 


e Describe the criteria used to name skeletal muscles 
e Explain how understanding the muscle names helps describe shapes, 
location, and actions of various muscles 


The Greeks and Romans conducted the first studies done on the human 
body in Western culture. The educated class of subsequent societies studied 
Latin and Greek, and therefore the early pioneers of anatomy continued to 
apply Latin and Greek terminology or roots when they named the skeletal 
muscles. The large number of muscles in the body and unfamiliar words 
can make learning the names of the muscles in the body seem daunting, but 
understanding the etymology can help. Etymology is the study of how the 
root of a particular word entered a language and how the use of the word 
evolved over time. Taking the time to learn the root of the words is crucial 
to understanding the vocabulary of anatomy and physiology. When you 
understand the names of muscles it will help you remember where the 
muscles are located and what they do ({link], [link], and [link]). 
Pronunciation of words and terms will take a bit of time to master, but after 
you have some basic information; the correct names and pronunciations 
will become easier. 

Overview of the Muscular System 
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Major muscles of the body. 
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Major muscles of the body. 
Right side: superficial; left side: 
deep (posterior view) 


On the anterior and posterior views of the 
muscular system above, superficial 
muscles (those at the surface) are shown 
on the right side of the body while deep 
muscles (those underneath the superficial 
muscles) are shown on the left half of the 
body. For the legs, superficial muscles are 
shown in the anterior view while the 
posterior view shows both superficial and 
deep muscles. 


Understanding a Muscle Name from the Latin 


abductor ab = away from duct = to move a Ieee 
moves away from 
A muscle that 
abductor F 
diciti diaiti digitus = digit refers to a finger moves the 
gmt 9 9 9 or toe little finger or 
minimi 
oh: toe away 
pa minimus = : 
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mini, tiny 
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Mnemonic Device for Latin Roots 


Latin or 
Greek 
Example Translation Mnemonic Device 
ad to; toward ADvance toward your goal 
ab away from n/a 
sub under SUBmarines move under water. 
something A conDUCTOR makes a train 
ductor 
that moves move. 
If you are antisocial, you are 
anti against against engaging in social 
activities. 
epi on top of n/a 


apo to the side of n/a 


Mnemonic Device for Latin Roots 


Example 


longissimus 


longus 
brevis 


maximus 


medius 


minimus 


rectus 


multi 


uni 


bi/di 


tri 


quad 


Latin or 
Greek 


Translation 


longest 


long 
short 


large 


medium 


tiny; little 


straight 


many 


one 


two 


three 


four 


Mnemonic Device 


“Longissimus” is longer than the 
word “long.” 


long 
brief 
max 


“Medius” and “medium” both 
begin with “med.” 


mini 


To RECTify a situation is to 
straighten it out. 


If something is MULTIcolored, it 
has many colors. 


A UNIcorn has one horn. 


If a ring is DIcast, it is made of 
two metals. 


TRIple the amount of money is 
three times as much. 


QUADruplets are four children 
born at one birth. 


Mnemonic Device for Latin Roots 


Latin or 

Greek 
Example Translation Mnemonic Device 
externus outside EXternal 
internus inside INternal 


Anatomists name the skeletal muscles according to a number of criteria, 
each of which describes the muscle in some way. These include naming the 
muscle after its shape, its size compared to other muscles in the area, its 
location in the body or the location of its attachments to the skeleton, how 
many origins it has, or its action. 


The skeletal muscle’s anatomical location or its relationship to a particular 
bone often determines its name. For example, the frontalis muscle is located 
on top of the frontal bone of the skull. Similarly, the shapes of some 
muscles are very distinctive and the names, such as orbicularis, reflect the 
shape. For the buttocks, the size of the muscles influences the names: 
gluteus maximus (largest), gluteus medius (medium), and the gluteus 
minimus (smallest). Names were given to indicate length—brevis (short), 
longus (long)—and to identify position relative to the midline: lateralis (to 
the outside away from the midline), and medialis (toward the midline). The 
direction of the muscle fibers and fascicles are used to describe muscles 
relative to the midline, such as the rectus (straight) abdominis, or the 
oblique (at an angle) muscles of the abdomen. 


Some muscle names indicate the number of muscles in a group. One 
example of this is the quadriceps, a group of four muscles located on the 
anterior (front) thigh. Other muscle names can provide information as to 
how many origins a particular muscle has, such as the biceps brachii. The 
prefix bi indicates that the muscle has two origins and tri indicates three 
origins. 


The location of a muscle’s attachment can also appear in its name. When 
the name of a muscle is based on the attachments, the origin is always 
named first. For instance, the sternocleidomastoid muscle of the neck has a 
dual origin on the sternum (sterno) and clavicle (cleido), and it inserts on 
the mastoid process of the temporal bone. The last feature by which to 
name a muscle is its action. When muscles are named for the movement 
they produce, one can find action words in their name. Some examples are 
flexor (decreases the angle at the joint), extensor (increases the angle at the 
joint), abductor (moves the bone away from the midline), or adductor 
(moves the bone toward the midline). 


Chapter Review 


Muscle names are based on many characteristics. The location of a muscle 
in the body is important. Some muscles are named based on their size and 
location, such as the gluteal muscles of the buttocks. Other muscle names 
can indicate the location in the body or bones with which the muscle is 
associated, such as the tibialis anterior. The shapes of some muscles are 
distinctive; for example, the direction of the muscle fibers is used to 
describe muscles of the body midline. The origin and/or insertion can also 
be features used to name a muscle; examples are the biceps brachii, triceps 
brachii, and the pectoralis major. 


Review Questions 


Exercise: 


Problem: 


The location of a muscle’s insertion and origin can determine 


a. action 

b. the force of contraction 

c. muscle name 

d. the load a muscle can carry 


Solution: 


A 


Exercise: 


Problem: Where is the temporalis muscle located? 


a. on the forehead 

b. in the neck 

c. on the side of the head 
d. on the chin 


Solution: 


c 


Exercise: 


Problem:Which muscle name does not make sense? 


a. extensor digitorum 

b. gluteus minimus 

c. biceps femoris 

d. extensor minimus longus 


Solution: 


D 
Exercise: 


Problem: 


Which of the following terms would be used in the name of a muscle 
that moves the leg away from the body? 


a. flexor 


b. adductor 
c. extensor 
d. abductor 


Solution: 


D 


Critical Thinking Questions 


Exercise: 


Problem: 


Describe the different criteria that contribute to how skeletal muscles 
are named. 


Solution: 


In anatomy and physiology, many word roots are Latin or Greek. 
Portions, or roots, of the word give us clues about the function, shape, 
action, or location of a muscle. 


Glossary 


abductor 
moves the bone away from the midline 


adductor 
moves the bone toward the midline 


bi 
two 


brevis 
short 


extensor 
muscle that increases the angle at the joint 


flexor 
muscle that decreases the angle at the joint 


lateralis 
to the outside 


longus 
long 


maximus 
largest 


medialis 
to the inside 


medius 
medium 


minimus 
smallest 


oblique 
at an angle 


rectus 
straight 


tri 
three 


Divisions of the Autonomic Nervous System 
By the end of this section, you will be able to: 


e Name the components that generate the sympathetic and 
parasympathetic responses of the autonomic nervous system 

e Explain the differences in output connections within the two divisions 
of the autonomic nervous system 

e Describe the signaling molecules and receptor proteins involved in 
communication within the two divisions of the autonomic nervous 
system 


The nervous system can be divided into two functional parts: the somatic 
nervous system and the autonomic nervous system. The major differences 
between the two systems are evident in the responses that each produces. 
The somatic nervous system causes contraction of skeletal muscles. The 
autonomic nervous system controls cardiac and smooth muscle, as well as 
glandular tissue. The somatic nervous system is associated with voluntary 
responses (though many can happen without conscious awareness, like 
breathing), and the autonomic nervous system is associated with 
involuntary responses, such as those related to homeostasis. 


The autonomic nervous system regulates many of the internal organs 
through a balance of two aspects, or divisions. In addition to the endocrine 
system, the autonomic nervous system is instrumental in homeostatic 
mechanisms in the body. The two divisions of the autonomic nervous 
system are the sympathetic division and the parasympathetic division. 
The sympathetic system is associated with the fight-or-flight response, and 
parasympathetic activity is referred to by the epithet of rest and digest. 
Homeostasis is the balance between the two systems. At each target 
effector, dual innervation determines activity. For example, the heart 
receives connections from both the sympathetic and parasympathetic 
divisions. One causes heart rate to increase, whereas the other causes heart 
rate to decrease. 


Note: 


— 
wees Openstax COLLEGE 


ie Batt 


Watch this video to learn more about adrenaline and the fight-or-flight 
response. When someone is said to have a rush of adrenaline, the image of 
bungee jumpers or skydivers usually comes to mind. But adrenaline, also 
known as epinephrine, is an important chemical in coordinating the body’s 
fight-or-flight response. In this video, you look inside the physiology of the 
fight-or-flight response, as envisioned for a firefighter. His body’s reaction 
is the result of the sympathetic division of the autonomic nervous system 
causing system-wide changes as it prepares for extreme responses. What 
two changes does adrenaline bring about to help the skeletal muscle 
response? 


Sympathetic Division of the Autonomic Nervous System 


To respond to a threat—to fight or to run away—the sympathetic system 
causes divergent effects as many different effector organs are activated 
together for a common purpose. More oxygen needs to be inhaled and 
delivered to skeletal muscle. The respiratory, cardiovascular, and 
musculoskeletal systems are all activated together. Additionally, sweating 
keeps the excess heat that comes from muscle contraction from causing the 
body to overheat. The digestive system shuts down so that blood is not 
absorbing nutrients when it should be delivering oxygen to skeletal 
muscles. To coordinate all these responses, the connections in the 
sympathetic system diverge from a limited region of the central nervous 
system (CNS) to a wide array of ganglia that project to the many effector 
organs simultaneously. The complex set of structures that compose the 
output of the sympathetic system make it possible for these disparate 
effectors to come together in a coordinated, systemic change. 


The sympathetic division of the autonomic nervous system influences the 
various organ systems of the body through connections emerging from the 
thoracic and upper lumbar spinal cord. It is referred to as the 
thoracolumbar system to reflect this anatomical basis. A central neuron 
in the lateral horn of any of these spinal regions projects to ganglia adjacent 
to the vertebral column through the ventral spinal roots. The majority of 
ganglia of the sympathetic system belong to a network of sympathetic 
chain ganglia that runs alongside the vertebral column. The ganglia appear 
as a series of clusters of neurons linked by axonal bridges. There are 
typically 23 ganglia in the chain on either side of the spinal column. Three 
correspond to the cervical region, 12 are in the thoracic region, four are in 
the lumbar region, and four correspond to the sacral region. The cervical 
and sacral levels are not connected to the spinal cord directly through the 
spinal roots, but through ascending or descending connections through the 
bridges within the chain. 


A diagram that shows the connections of the sympathetic system is 
somewhat like a circuit diagram that shows the electrical connections 
between different receptacles and devices. In [link], the “circuits” of the 
sympathetic system are intentionally simplified. 

Connections of Sympathetic Division of the Autonomic Nervous System 
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Neurons from the lateral horn of the spinal cord 
(preganglionic neurons) project to the chain ganglia on 
either side of the vertebral column or to collateral 


(prevertebral) ganglia that are anterior to the vertebral 
column in the abdominal cavity. Axons from these 
ganglionic neurons (postganglionic fibers) then project to 
target effectors throughout the body. 


To continue with the analogy of the circuit diagram, there are three different 
types of “junctions” that operate within the sympathetic system ([link]). The 
first type is most direct: the sympathetic nerve projects to the chain 
ganglion at the same level as the target effector (the organ, tissue, or gland 
to be innervated). An example of this type is spinal nerve T1 that synapses 
with the T1 chain ganglion to innervate the trachea. The fibers of this 
branch are called white rami communicantes (singular = ramus 
communicans); they are myelinated and therefore referred to as white (see 
[link]a). The axon from the central neuron (the preganglionic fiber shown 
as a Solid line) synapses with the ganglionic neuron (with the 
postganglionic fiber shown as a dashed line). This neuron then projects to a 
target effector—in this case, the trachea—via gray rami communicantes, 
which are unmyelinated axons. 


In some cases, the target effectors are located superior or inferior to the 
spinal segment at which the preganglionic fiber emerges. With respect to 
the “wiring” involved, the synapse with the ganglionic neuron occurs at 
chain ganglia superior or inferior to the location of the central neuron. An 
example of this is spinal nerve T1 that innervates the eye. The spinal nerve 
tracks up through the chain until it reaches the superior cervical ganglion, 
where it synapses with the postganglionic neuron (see [link |b). The cervical 
ganglia are referred to as paravertebral ganglia, given their location 
adjacent to prevertebral ganglia in the sympathetic chain. 


Not all axons from the central neurons terminate in the chain ganglia. 
Additional branches from the ventral nerve root continue through the chain 
and on to one of the collateral ganglia as the greater splanchnic nerve or 
lesser splanchnic nerve. For example, the greater splanchnic nerve at the 
level of TS synapses with a collateral ganglion outside the chain before 


making the connection to the postganglionic nerves that innervate the 
stomach (see [link]c). 


Collateral ganglia, also called prevertebral ganglia, are situated anterior 
to the vertebral column and receive inputs from splanchnic nerves as well 
as central sympathetic neurons. They are associated with controlling organs 
in the abdominal cavity, and are also considered part of the enteric nervous 
system. The three collateral ganglia are the celiac ganglion, the superior 
mesenteric ganglion, and the inferior mesenteric ganglion (see [link]). 
The word celiac is derived from the Latin word “coelom,” which refers to a 
body cavity (in this case, the abdominal cavity), and the word mesenteric 
refers to the digestive system. 

Sympathetic Connections and Chain Ganglia 
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The axon from a central sympathetic neuron in the spinal 

cord can project to the periphery in a number of different 

ways. (a) The fiber can project out to the ganglion at the 

same level and synapse on a ganglionic neuron. (b) A 

branch can project to more superior or inferior ganglion in 
the chain. (c) A branch can project through the white ramus 
communicans, but not terminate on a ganglionic neuron in 
the chain. Instead, it projects through one of the splanchnic 


nerves to a collateral ganglion or the adrenal medulla (not 
pictured). 


An axon from the central neuron that projects to a sympathetic ganglion is 
referred to as a preganglionic fiber or neuron, and represents the output 
from the CNS to the ganglion. Because the sympathetic ganglia are adjacent 
to the vertebral column, preganglionic sympathetic fibers are relatively 
short, and they are myelinated. A postganglionic fiber—the axon from a 
ganglionic neuron that projects to the target effector—represents the output 
of a ganglion that directly influences the organ. Compared with the 
preganglionic fibers, postganglionic sympathetic fibers are long because of 
the relatively greater distance from the ganglion to the target effector. These 
fibers are unmyelinated. (Note that the term “postganglionic neuron” may 
be used to describe the projection from a ganglion to the target. The 
problem with that usage is that the cell body is in the ganglion, and only the 
fiber is postganglionic. Typically, the term neuron applies to the entire cell.) 


One type of preganglionic sympathetic fiber does not terminate in a 
ganglion. These are the axons from central sympathetic neurons that project 
to the adrenal medulla, the interior portion of the adrenal gland. These 
axons are still referred to as preganglionic fibers, but the target is not a 
ganglion. The adrenal medulla releases signaling molecules into the 
bloodstream, rather than using axons to communicate with target structures. 
The cells in the adrenal medulla that are contacted by the preganglionic 
fibers are called chromaffin cells. These cells are neurosecretory cells that 
develop from the neural crest along with the sympathetic ganglia, 
reinforcing the idea that the gland is, functionally, a sympathetic ganglion. 


The projections of the sympathetic division of the autonomic nervous 
system diverge widely, resulting in a broad influence of the system 
throughout the body. As a response to a threat, the sympathetic system 
would increase heart rate and breathing rate and cause blood flow to the 
skeletal muscle to increase and blood flow to the digestive system to 
decrease. Sweat gland secretion should also increase as part of an integrated 
response. All of those physiological changes are going to be required to 
occur together to run away from the hunting lioness, or the modern 
equivalent. This divergence is seen in the branching patterns of 


preganglionic sympathetic neurons—a single preganglionic sympathetic 
neuron may have 10—20 targets. An axon that leaves a central neuron of the 
lateral horn in the thoracolumbar spinal cord will pass through the white 
ramus communicans and enter the sympathetic chain, where it will branch 
toward a variety of targets. At the level of the spinal cord at which the 
preganglionic sympathetic fiber exits the spinal cord, a branch will synapse 
on a neuron in the adjacent chain ganglion. Some branches will extend up 
or down to a different level of the chain ganglia. Other branches will pass 
through the chain ganglia and project through one of the splanchnic nerves 
to a collateral ganglion. Finally, some branches may project through the 
splanchnic nerves to the adrenal medulla. All of these branches mean that 
one preganglionic neuron can influence different regions of the sympathetic 
system very broadly, by acting on widely distributed organs. 


Parasympathetic Division of the Autonomic Nervous System 


The parasympathetic division of the autonomic nervous system is named 
because its central neurons are located on either side of the thoracolumbar 
region of the spinal cord (para- = “beside” or “near”). The parasympathetic 
system can also be referred to as the craniosacral system (or outflow) 
because the preganglionic neurons are located in nuclei of the brain stem 
and the lateral horn of the sacral spinal cord. 


The connections, or “circuits,” of the parasympathetic division are similar 
to the general layout of the sympathetic division with a few specific 
differences ([{link]). The preganglionic fibers from the cranial region travel 
in cranial nerves, whereas preganglionic fibers from the sacral region travel 
in spinal nerves. The targets of these fibers are terminal ganglia, which are 
located near—or even within—the target effector. These ganglia are often 
referred to as intramural ganglia when they are found within the walls of 
the target organ. The postganglionic fiber projects from the terminal ganglia 
a short distance to the target effector, or to the specific target tissue within 
the organ. Comparing the relative lengths of axons in the parasympathetic 
system, the preganglionic fibers are long and the postganglionic fibers are 
short because the ganglia are close to—and sometimes within—the target 
effectors. 


Connections of Parasympathetic Division of the Autonomic Nervous 
System 
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Neurons from brain-stem nuclei, or from the lateral horn of 
the sacral spinal cord, project to terminal ganglia near or 
within the various organs of the body. Axons from these 

ganglionic neurons then project the short distance to those 
target effectors. 


Chemical Signaling in the Autonomic Nervous System 


Where an autonomic neuron connects with a target, there is a synapse. The 
electrical signal of the action potential causes the release of a signaling 
molecule, which will bind to receptor proteins on the target cell. Synapses 
of the autonomic system are classified as either cholinergic, meaning that 
acetylcholine (ACh) is released, or adrenergic, meaning that 
norepinephrine is released. The terms cholinergic and adrenergic refer not 
only to the signaling molecule that is released but also to the class of 
receptors that each binds. 
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Chapter Review 


The primary responsibilities of the autonomic nervous system are to 
regulate homeostatic mechanisms in the body, which is also part of what the 
endocrine system does. The key to understanding the autonomic system is 
to explore the response pathways—the output of the nervous system. The 
way we respond to the world around us, to manage the internal environment 
on the basis of the external environment, is divided between two parts of 
the autonomic nervous system. The sympathetic division responds to threats 
and produces a readiness to confront the threat or to run away: the fight-or- 
flight response. The parasympathetic division plays the opposite role. When 
the external environment does not present any immediate danger, a restful 
mode descends on the body, and the digestive system is more active. 


The sympathetic output of the nervous system originates out of the lateral 
horn of the thoracolumbar spinal cord. An axon from one of these central 
neurons projects by way of the ventral spinal nerve root and spinal nerve to 
a sympathetic ganglion, either in the sympathetic chain ganglia or one of 
the collateral locations, where it synapses on a ganglionic neuron. These 
preganglionic fibers release ACh, which excites the ganglionic neuron 
through the nicotinic receptor. The axon from the ganglionic neuron—the 
postganglionic fiber—then projects to a target effector where it will release 
norepinephrine to bind to an adrenergic receptor, causing a change in the 


physiology of that organ in keeping with the broad, divergent sympathetic 
response. The postganglionic connections to sweat glands in the skin and 
blood vessels supplying skeletal muscle are, however, exceptions; those 
fibers release ACh onto muscarinic receptors. The sympathetic system has a 
specialized preganglionic connection to the adrenal medulla that causes 
epinephrine and norepinephrine to be released into the bloodstream rather 
than exciting a neuron that contacts an organ directly. This hormonal 
component means that the sympathetic chemical signal can spread 
throughout the body very quickly and affect many organ systems at once. 


The parasympathetic output is based in the brain stem and sacral spinal 
cord. Neurons from particular nuclei in the brain stem or from the lateral 
horn of the sacral spinal cord (preganglionic neurons) project to terminal 
(intramural) ganglia located close to or within the wall of target effectors. 
These preganglionic fibers also release ACh onto nicotinic receptors to 
excite the ganglionic neurons. The postganglionic fibers then contact the 
target tissues within the organ to release ACh, which binds to muscarinic 
receptors to induce rest-and-digest responses. 


Review Questions 


Exercise: 


Problem: Which type of fiber could be considered the longest? 


a. preganglionic parasympathetic 
b. preganglionic sympathetic 

c. postganglionic parasympathetic 
d. postganglionic sympathetic 


Solution: 


A 


Exercise: 


Problem: 


Which of the following is not a target of a sympathetic preganglionic 
fiber? 


a. intermural ganglion 
b. collateral ganglion 
c. adrenal gland 

d. chain ganglion 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 


A target effector, such as the heart, receives input from the sympathetic 
and parasympathetic systems. What is the actual difference between 
the sympathetic and parasympathetic divisions at the level of those 
connections (i.e., at the synapse)? 


Solution: 


The postganglionic sympathetic fiber releases norepinephrine, whereas 
the postganglionic parasympathetic fiber releases acetylcholine. 
Specific locations in the heart have adrenergic receptors and 
muscarinic receptors. Which receptors are bound is the signal that 
determines how the heart responds. 


Glossary 


alpha (a)-adrenergic receptor 
one of the receptors to which epinephrine and norepinephrine bind, 
which comes in three subtypes: 01, O, and a3 


acetylcholine (ACh) 
neurotransmitter that binds at a motor end-plate to trigger 
depolarization 


adrenal medulla 
interior portion of the adrenal (or suprarenal) gland that releases 
epinephrine and norepinephrine into the bloodstream as hormones 


adrenergic 
synapse where norepinephrine is released, which binds to a- or B- 
adrenergic receptors 


beta (f)-adrenergic receptor 
one of the receptors to which epinephrine and norepinephrine bind, 
which comes in two subtypes: 8, and B» 


celiac ganglion 
one of the collateral ganglia of the sympathetic system that projects to 
the digestive system 


central neuron 
specifically referring to the cell body of a neuron in the autonomic 
system that is located in the central nervous system, specifically the 
lateral horn of the spinal cord or a brain stem nucleus 


cholinergic 
synapse at which acetylcholine is released and binds to the nicotinic or 
muscarinic receptor 


chromaffin cells 
neuroendocrine cells of the adrenal medulla that release epinephrine 
and norepinephrine into the bloodstream as part of sympathetic system 
activity 


ciliary ganglion 
one of the terminal ganglia of the parasympathetic system, located in 
the posterior orbit, axons from which project to the iris 


collateral ganglia 
ganglia outside of the sympathetic chain that are targets of sympathetic 
preganglionic fibers, which are the celiac, inferior mesenteric, and 
superior mesenteric ganglia 


craniosacral system 
alternate name for the parasympathetic division of the autonomic 
nervous system that is based on the anatomical location of central 
neurons in brain-stem nuclei and the lateral horn of the sacral spinal 
cord; also referred to as craniosacral outflow 


dorsal nucleus of the vagus nerve 
location of parasympathetic neurons that project through the vagus 
nerve to terminal ganglia in the thoracic and abdominal cavities 


Eddinger—Westphal nucleus 
location of parasympathetic neurons that project to the ciliary ganglion 


endogenous 
describes substance made in the human body 


epinephrine 
signaling molecule released from the adrenal medulla into the 
bloodstream as part of the sympathetic response 


exogenous 
describes substance made outside of the human body 


fight-or-flight response 
set of responses induced by sympathetic activity that lead to either 
fleeing a threat or standing up to it, which in the moder world is often 
associated with anxious feelings 


G protein—coupled receptor 


membrane protein complex that consists of a receptor protein that 
binds to a signaling molecule—a G protein—that is activated by that 
binding and in tum activates an effector protein (enzyme) that creates a 
second-messenger molecule in the cytoplasm of the target cell 


ganglionic neuron 
specifically refers to the cell body of a neuron in the autonomic system 
that is located in a ganglion 


gray rami Communicantes 
(singular = ramus communicans) unmyelinated structures that provide 
a short connection from a sympathetic chain ganglion to the spinal 
nerve that contains the postganglionic sympathetic fiber 


greater splanchnic nerve 
nerve that contains fibers of the central sympathetic neurons that do 
not synapse in the chain ganglia but project onto the celiac ganglion 


inferior mesenteric ganglion 
one of the collateral ganglia of the sympathetic system that projects to 
the digestive system 


intramural ganglia 
terminal ganglia of the parasympathetic system that are found within 
the walls of the target effector 


lesser splanchnic nerve 
nerve that contains fibers of the central sympathetic neurons that do 
not synapse in the chain ganglia but project onto the inferior 
mesenteric ganglion 


ligand-gated cation channel 
ion channel, such as the nicotinic receptor, that is specific to positively 
charged ions and opens when a molecule such as a neurotransmitter 
binds to it 


mesenteric plexus 


nervous tissue within the wall of the digestive tract that contains 
neurons that are the targets of autonomic preganglionic fibers and that 
project to the smooth muscle and glandular tissues in the digestive 
organ 


muscarinic receptor 
type of acetylcholine receptor protein that is characterized by also 
binding to muscarine and is a metabotropic receptor 


nicotinic receptor 
type of acetylcholine receptor protein that is characterized by also 
binding to nicotine and is an ionotropic receptor 


norepinephrine 
signaling molecule released as a neurotransmitter by most 
postganglionic sympathetic fibers as part of the sympathetic response, 
or as a hormone into the bloodstream from the adrenal medulla 


nucleus ambiguus 
brain-stem nucleus that contains neurons that project through the vagus 
nerve to terminal ganglia in the thoracic cavity; specifically associated 
with the heart 


parasympathetic division 
division of the autonomic nervous system responsible for restful and 
digestive functions 


paravertebral ganglia 
autonomic ganglia superior to the sympathetic chain ganglia 


postganglionic fiber 
axon from a ganglionic neuron in the autonomic nervous system that 
projects to and synapses with the target effector; sometimes referred to 
as a postganglionic neuron 


preganglionic fiber 
axon from a central neuron in the autonomic nervous system that 
projects to and synapses with a ganglionic neuron; sometimes referred 


to as a preganglionic neuron 


prevertebral ganglia 
autonomic ganglia that are anterior to the vertebral column and 
functionally related to the sympathetic chain ganglia 


rest and digest 
set of functions associated with the parasympathetic system that lead 
to restful actions and digestion 


superior cervical ganglion 
one of the paravertebral ganglia of the sympathetic system that 
projects to the head 


superior mesenteric ganglion 
one of the collateral ganglia of the sympathetic system that projects to 
the digestive system 


sympathetic chain ganglia 
series of ganglia adjacent to the vertebral column that receive input 
from central sympathetic neurons 


sympathetic division 
division of the autonomic nervous system associated with the fight-or- 
flight response 


target effector 
organ, tissue, or gland that will respond to the control of an autonomic 
or somatic or endocrine signal 


terminal ganglia 
ganglia of the parasympathetic division of the autonomic system, 
which are located near or within the target effector, the latter also 
known as intramural ganglia 


thoracolumbar system 
alternate name for the sympathetic division of the autonomic nervous 
system that is based on the anatomical location of central neurons in 


the lateral horn of the thoracic and upper lumbar spinal cord 


varicosity 
structure of some autonomic connections that is not a typical synaptic 
end bulb, but a string of swellings along the length of a fiber that 
makes a network of connections with the target effector 


white rami communicantes 
(singular = ramus communicans) myelinated structures that provide a 
short connection from a sympathetic chain ganglion to the spinal nerve 
that contains the preganglionic sympathetic fiber 


Anatomy of the Lymphatic System 
By the end of this section, you will be able to: 


e Describe the structure and function of the lymphatic tissue (lymph 
fluid, vessels, ducts, and organs) 

e Describe the structure and function of the primary and secondary 
lymphatic organs 

e Discuss the cells of the immune system, how they function, and their 
relationship with the lymphatic system 


The immune system is the complex collection of cells and organs that 
destroys or neutralizes pathogens that would otherwise cause disease or 
death. The lymphatic system, for most people, is associated with the 
immune system to such a degree that the two systems are virtually 
indistinguishable. The lymphatic system is the system of vessels, cells, and 
organs that carries excess fluids to the bloodstream and filters pathogens 
from the blood. The swelling of lymph nodes during an infection and the 
transport of lymphocytes via the lymphatic vessels are but two examples of 
the many connections between these critical organ systems. 


Functions of the Lymphatic System 


A major function of the lymphatic system is to drain body fluids and return 
them to the bloodstream. Blood pressure causes leakage of fluid from the 
capillaries, resulting in the accumulation of fluid in the interstitial space— 
that is, spaces between individual cells in the tissues. In humans, 20 liters of 
plasma is released into the interstitial space of the tissues each day due to 
capillary filtration. Once this filtrate is out of the bloodstream and in the 
tissue spaces, it is referred to as interstitial fluid. Of this, 17 liters is 
reabsorbed directly by the blood vessels. But what happens to the remaining 
three liters? This is where the lymphatic system comes into play. It drains 
the excess fluid and empties it back into the bloodstream via a series of 
vessels, trunks, and ducts. Lymph is the term used to describe interstitial 
fluid once it has entered the lymphatic system. When the lymphatic system 
is damaged in some way, such as by being blocked by cancer cells or 
destroyed by injury, protein-rich interstitial fluid accumulates (sometimes 
“backs up” from the lymph vessels) in the tissue spaces. This inappropriate 


accumulation of fluid referred to as lymphedema may lead to serious 
medical consequences. 


As the vertebrate immune system evolved, the network of lymphatic vessels 
became convenient avenues for transporting the cells of the immune 
system. Additionally, the transport of dietary lipids and fat-soluble vitamins 
absorbed in the gut uses this system. 


Cells of the immune system not only use lymphatic vessels to make their 
way from interstitial spaces back into the circulation, but they also use 
lymph nodes as major staging areas for the development of critical immune 
responses. A lymph node is one of the small, bean-shaped organs located 
throughout the lymphatic system. 


Note: 


openstax COLLEGE” 


Visit this website for an overview of the lymphatic system. What are the 
three main components of the lymphatic system? 


Structure of the Lymphatic System 


The lymphatic vessels begin as open-ended capillaries, which feed into 
larger and larger lymphatic vessels, and eventually empty into the 
bloodstream by a series of ducts. Along the way, the lymph travels through 
the lymph nodes, which are commonly found near the groin, armpits, neck, 
chest, and abdomen. Humans have about 500—600 lymph nodes throughout 
the body ([link]). 

Anatomy of the Lymphatic System 
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Lymphatic vessels in the arms and legs convey lymph 
to the larger lymphatic vessels in the torso. 


A major distinction between the lymphatic and cardiovascular systems in 
humans is that lymph is not actively pumped by the heart, but is forced 
through the vessels by the movements of the body, the contraction of 
skeletal muscles during body movements, and breathing. One-way valves 
(semi-lunar valves) in lymphatic vessels keep the lymph moving toward the 
heart. Lymph flows from the lymphatic capillaries, through lymphatic 
vessels, and then is dumped into the circulatory system via the lymphatic 
ducts located at the junction of the jugular and subclavian veins in the neck. 


Lymphatic Capillaries 


Lymphatic capillaries, also called the terminal lymphatics, are vessels 
where interstitial fluid enters the lymphatic system to become lymph fluid. 
Located in almost every tissue in the body, these vessels are interlaced 
among the arterioles and venules of the circulatory system in the soft 
connective tissues of the body ({link]). Exceptions are the central nervous 
system, bone marrow, bones, teeth, and the cornea of the eye, which do not 
contain lymph vessels. 

Lymphatic Capillaries 
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Lymphatic capillaries are interlaced with the arterioles 
and venules of the cardiovascular system. Collagen 
fibers anchor a lymphatic capillary in the tissue (inset). 
Interstitial fluid slips through spaces between the 
overlapping endothelial cells that compose the lymphatic 
capillary. 


Lymphatic capillaries are formed by a one cell-thick layer of endothelial 
cells and represent the open end of the system, allowing interstitial fluid to 
flow into them via overlapping cells (see [link]). When interstitial pressure 
is low, the endothelial flaps close to prevent “backflow.” As interstitial 
pressure increases, the spaces between the cells open up, allowing the fluid 


to enter. Entry of fluid into lymphatic capillaries is also enabled by the 
collagen filaments that anchor the capillaries to surrounding structures. As 
interstitial pressure increases, the filaments pull on the endothelial cell 
flaps, opening up them even further to allow easy entry of fluid. 


In the small intestine, lymphatic capillaries called lacteals are critical for the 
transport of dietary lipids and lipid-soluble vitamins to the bloodstream. In 
the small intestine, dietary triglycerides combine with other lipids and 
proteins, and enter the lacteals to form a milky fluid called chyle. The chyle 
then travels through the lymphatic system, eventually entering the liver and 
then the bloodstream. 


Larger Lymphatic Vessels, Trunks, and Ducts 


The lymphatic capillaries empty into larger lymphatic vessels, which are 
similar to veins in terms of their three-tunic structure and the presence of 
valves. These one-way valves are located fairly close to one another, and 
each one causes a bulge in the lymphatic vessel, giving the vessels a beaded 
appearance (see [link]). 


The superficial and deep lymphatics eventually merge to form larger 
lymphatic vessels known as lymphatic trunks. On the right side of the 
body, the right sides of the head, thorax, and right upper limb drain lymph 
fluid into the right subclavian vein via the right lymphatic duct ([link]). On 
the left side of the body, the remaining portions of the body drain into the 
larger thoracic duct, which drains into the left subclavian vein. The thoracic 
duct itself begins just beneath the diaphragm in the cisterna chyli, a sac- 
like chamber that receives lymph from the lower abdomen, pelvis, and 
lower limbs by way of the left and right lumbar trunks and the intestinal 
trunk. 

Major Trunks and Ducts of the Lymphatic System 
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The thoracic duct drains a much larger portion of the 
body than does the right lymphatic duct. 


The overall drainage system of the body is asymmetrical (see [link]). The 
right lymphatic duct receives lymph from only the upper right side of the 
body. The lymph from the rest of the body enters the bloodstream through 
the thoracic duct via all the remaining lymphatic trunks. In general, 
lymphatic vessels of the subcutaneous tissues of the skin, that is, the 
superficial lymphatics, follow the same routes as veins, whereas the deep 
lymphatic vessels of the viscera generally follow the paths of arteries. 


Secondary Lymphoid Organs 


Lymph Nodes 


Lymph nodes function to remove debris and pathogens from the lymph, and 
are thus sometimes referred to as the “filters of the lymph” ({link]). Any 


bacteria that infect the interstitial fluid are taken up by the lymphatic 
capillaries and transported to a regional lymph node. Dendritic cells and 
macrophages within this organ internalize and kill many of the pathogens 
that pass through, thereby removing them from the body. The lymph node is 
also the site of adaptive immune responses mediated by T cells, B cells, and 
accessory cells of the adaptive immune system. Like the thymus, the bean- 
shaped lymph nodes are surrounded by a tough capsule of connective tissue 
and are separated into compartments by trabeculae, the extensions of the 
capsule. In addition to the structure provided by the capsule and trabeculae, 
the structural support of the lymph node is provided by a series of reticular 
fibers laid down by fibroblasts. 

Structure and Histology of a Lymph Node 
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Lymph nodes are masses of lymphatic tissue located 
along the larger lymph vessels. The micrograph of the 
lymph nodes shows a germinal center, which consists of 
rapidly dividing B cells surrounded by a layer of T cells 
and other accessory cells. LM x 128. (Micrograph 
provided by the Regents of the University of Michigan 
Medical School © 2012) 
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View the University of Michigan WebScope at 


svs/view.apml to explore the tissue sample in greater detail. 


The major routes into the lymph node are via afferent lymphatic vessels 
(see [link]). Cells and lymph fluid that leave the lymph node may do so by 
another set of vessels known as the efferent lymphatic vessels. Lymph 
enters the lymph node via the subcapsular sinus, which is occupied by 
dendritic cells, macrophages, and reticular fibers. Within the cortex of the 
lymph node are lymphoid follicles, which consist of germinal centers of 
rapidly dividing B cells surrounded by a layer of T cells and other accessory 
cells. As the lymph continues to flow through the node, it enters the 
medulla, which consists of medullary cords of B cells and plasma cells, and 
the medullary sinuses where the lymph collects before leaving the node via 
the efferent lymphatic vessels. 


Spleen 


In addition to the lymph nodes, the spleen is a major secondary lymphoid 
organ ({link]). It is about 12 cm (5 in) long and is attached to the lateral 
border of the stomach via the gastrosplenic ligament. The spleen is a fragile 
organ without a strong capsule, and is dark red due to its extensive 
vascularization. The spleen is sometimes called the “filter of the blood” 
because of its extensive vascularization and the presence of macrophages 
and dendritic cells that remove microbes and other materials from the 
blood, including dying red blood cells. The spleen also functions as the 
location of immune responses to blood-borne pathogens. 

Spleen 
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(a) The spleen is attached to the stomach. (b) A 
micrograph of spleen tissue shows the germinal center. 
The marginal zone is the region between the red pulp and 
white pulp, which sequesters particulate antigens from 
the circulation and presents these antigens to 
lymphocytes in the white pulp. EM x 660. (Micrograph 
provided by the Regents of the University of Michigan 
Medical School © 2012) 


The spleen is also divided by trabeculae of connective tissue, and within 
each splenic nodule is an area of red pulp, consisting of mostly red blood 
cells, and white pulp, which resembles the lymphoid follicles of the lymph 
nodes. Upon entering the spleen, the splenic artery splits into several 


arterioles (surrounded by white pulp) and eventually into sinusoids. Blood 
from the capillaries subsequently collects in the venous sinuses and leaves 
via the splenic vein. The red pulp consists of reticular fibers with fixed 
macrophages attached, free macrophages, and all of the other cells typical 
of the blood, including some lymphocytes. The white pulp surrounds a 
central arteriole and consists of germinal centers of dividing B cells 
surrounded by T cells and accessory cells, including macrophages and 
dendritic cells. Thus, the red pulp primarily functions as a filtration system 
of the blood, using cells of the relatively nonspecific immune response, and 
white pulp is where adaptive T and B cell responses are mounted. 


Chapter Review 


The lymphatic system is a series of vessels, ducts, and trunks that remove 
interstitial fluid from the tissues and return it the blood. The lymphatics are 
also used to transport dietary lipids and cells of the immune system. Cells 
of the immune system all come from the hematopoietic system of the bone 
marrow. Primary lymphoid organs, the bone marrow and thymus gland, are 
the locations where lymphocytes of the adaptive immune system proliferate 
and mature. Secondary lymphoid organs are site in which mature 
lymphocytes congregate to mount immune responses. Many immune 
system cells use the lymphatic and circulatory systems for transport 
throughout the body to search for and then protect against pathogens. 


Interactive Link Questions 


Exercise: 


Problem: 


Visit this website for an overview of the lymphatic system. What are 
the three main components of the lymphatic system? 


Solution: 


The three main components are the lymph vessels, the lymph nodes, 
and the lymph. 


Review Questions 


Exercise: 


Problem: 


Which structure allows lymph from the lower right limb to enter the 
bloodstream? 


a. thoracic duct 

b. right lymphatic duct 
c. right lymphatic trunk 
d. left lymphatic trunk 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 


Describe the flow of lymph from its origins in interstitial fluid to its 
emptying into the venous bloodstream. 


Solution: 


The lymph enters through lymphatic capillaries, and then into larger 
lymphatic vessels. The lymph can only go in one direction due to 
valves in the vessels. The larger lymphatics merge to form trunks that 
enter into the blood via lymphatic ducts. 


Glossary 


adaptive immune response 
relatively slow but very specific and effective immune response 
controlled by lymphocytes 


afferent lymphatic vessels 
lead into a lymph node 


antibody 
antigen-specific protein secreted by plasma cells; immunoglobulin 


antigen 
molecule recognized by the receptors of B and T lymphocytes 


barrier defenses 
antipathogen defenses deriving from a barrier that physically prevents 
pathogens from entering the body to establish an infection 


B cells 
lymphocytes that act by differentiating into an antibody-secreting 
plasma cell 


bone marrow 
tissue found inside bones; the site of all blood cell differentiation and 
maturation of B lymphocytes 


bronchus-associated lymphoid tissue (BALT) 
lymphoid nodule associated with the respiratory tract 


chyle 
lipid-rich lymph inside the lymphatic capillaries of the small intestine 


cisterna chyli 
bag-like vessel that forms the beginning of the thoracic duct 


efferent lymphatic vessels 
lead out of a lymph node 


germinal centers 


clusters of rapidly proliferating B cells found in secondary lymphoid 
tissues 


high endothelial venules 
vessels containing unique endothelial cells specialized to allow 
migration of lymphocytes from the blood to the lymph node 


immune system 
series of barriers, cells, and soluble mediators that combine to response 
to infections of the body with pathogenic organisms 


innate immune response 
rapid but relatively nonspecific immune response 


lymph 
fluid contained within the lymphatic system 


lymph node 
one of the bean-shaped organs found associated with the lymphatic 
vessels 


lymphatic capillaries 
smallest of the lymphatic vessels and the origin of lymph flow 


lymphatic system 
network of lymphatic vessels, lymph nodes, and ducts that carries 
lymph from the tissues and back to the bloodstream. 


lymphatic trunks 
large lymphatics that collect lymph from smaller lymphatic vessels and 
empties into the blood via lymphatic ducts 


lymphocytes 
white blood cells characterized by a large nucleus and small rim of 
cytoplasm 


lymphoid nodules 
unencapsulated patches of lymphoid tissue found throughout the body 


mucosa-associated lymphoid tissue (MALT) 
lymphoid nodule associated with the mucosa 


naive lymphocyte 
mature B or T cell that has not yet encountered antigen for the first 
time 


natural killer cell (NK) 
cytotoxic lymphocyte of innate immune response 


plasma cell 
differentiated B cell that is actively secreting antibody 


primary lymphoid organ 
site where lymphocytes mature and proliferate; red bone marrow and 
thymus gland 


right lymphatic duct 
drains lymph fluid from the upper right side of body into the right 
subclavian vein 


secondary lymphoid organs 
sites where lymphocytes mount adaptive immune responses; examples 
include lymph nodes and spleen 


spleen 
secondary lymphoid organ that filters pathogens from the blood (white 
pulp) and removes degenerating or damaged blood cells (red pulp) 


T cell 
lymphocyte that acts by secreting molecules that regulate the immune 
system or by causing the destruction of foreign cells, viruses, and 
cancer cells 


thoracic duct 
large duct that drains lymph from the lower limbs, left thorax, left 
upper limb, and the left side of the head 


thymocyte 
immature T cell found in the thymus 


thymus 
primary lymphoid organ; where T lymphocytes proliferate and mature 


tonsils 
lymphoid nodules associated with the nasopharynx 


Fertilization 
By the end of this section, you will be able to: 


e Describe the obstacles that sperm must overcome to reach an oocyte 
e Explain capacitation and its importance in fertilization 
e Summarize the events that occur as a sperm fertilizes an oocyte 


Fertilization occurs when a sperm and an oocyte (egg) combine and their 
nuclei fuse. Because each of these reproductive cells is a haploid cell 
containing half of the genetic material needed to form a human being, their 
combination forms a diploid cell. This new single cell, called a zygote, 
contains all of the genetic material needed to form a human—half from the 
mother and half from the father. 


Transit of Sperm 


Fertilization is a numbers game. During ejaculation, hundreds of millions of 
sperm (spermatozoa) are released into the vagina. Almost immediately, 
millions of these sperm are overcome by the acidity of the vagina 
(approximately pH 3.8), and millions more may be blocked from entering 
the uterus by thick cervical mucus. Of those that do enter, thousands are 
destroyed by phagocytic uterine leukocytes. Thus, the race into the uterine 
tubes, which is the most typical site for sperm to encounter the oocyte, is 
reduced to a few thousand contenders. Their journey—thought to be 
facilitated by uterine contractions—usually takes from 30 minutes to 2 
hours. If the sperm do not encounter an oocyte immediately, they can 
survive in the uterine tubes for another 3—5 days. Thus, fertilization can still 
occur if intercourse takes place a few days before ovulation. In comparison, 
an oocyte can survive independently for only approximately 24 hours 
following ovulation. Intercourse more than a day after ovulation will 
therefore usually not result in fertilization. 


During the journey, fluids in the female reproductive tract prepare the sperm 
for fertilization through a process called capacitation, or priming. The 
fluids improve the motility of the spermatozoa. They also deplete 
cholesterol molecules embedded in the membrane of the head of the sperm, 
thinning the membrane in such a way that will help facilitate the release of 


the lysosomal (digestive) enzymes needed for the sperm to penetrate the 
oocyte’s exterior once contact is made. Sperm must undergo the process of 
capacitation in order to have the “capacity” to fertilize an oocyte. If they 
reach the oocyte before capacitation is complete, they will be unable to 
penetrate the oocyte’s thick outer layer of cells. 


Contact Between Sperm and Oocyte 


Upon ovulation, the oocyte released by the ovary is swept into—and along 
—the uterine tube. Fertilization must occur in the distal uterine tube 
because an unfertilized oocyte cannot survive the 72-hour journey to the 
uterus. As you will recall from your study of the oogenesis, this oocyte 
(specifically a secondary oocyte) is surrounded by two protective layers. 
The corona radiata is an outer layer of follicular (granulosa) cells that 
form around a developing oocyte in the ovary and remain with it upon 
ovulation. The underlying zona pellucida (pellucid = “transparent”) is a 
transparent, but thick, glycoprotein membrane that surrounds the cell’s 
plasma membrane. 


As it is swept along the distal uterine tube, the oocyte encounters the 
surviving capacitated sperm, which stream toward it in response to 
chemical attractants released by the cells of the corona radiata. To reach the 
oocyte itself, the sperm must penetrate the two protective layers. The sperm 
first burrow through the cells of the corona radiata. Then, upon contact with 
the zona pellucida, the sperm bind to receptors in the zona pellucida. This 
initiates a process called the acrosomal reaction in which the enzyme- 
filled “cap” of the sperm, called the acrosome, releases its stored digestive 
enzymes. These enzymes clear a path through the zona pellucida that allows 
sperm to reach the oocyte. Finally, a single sperm makes contact with 
sperm-binding receptors on the oocyte’s plasma membrane ([link]). The 
plasma membrane of that sperm then fuses with the oocyte’s plasma 
membrane, and the head and mid-piece of the “winning” sperm enter the 
oocyte interior. 


How do sperm penetrate the corona radiata? Some sperm undergo a 
spontaneous acrosomal reaction, which is an acrosomal reaction not 
triggered by contact with the zona pellucida. The digestive enzymes 


released by this reaction digest the extracellular matrix of the corona 
radiata. As you can see, the first sperm to reach the oocyte is never the one 
to fertilize it. Rather, hundreds of sperm cells must undergo the acrosomal 
reaction, each helping to degrade the corona radiata and zona pellucida until 
a path is created to allow one sperm to contact and fuse with the plasma 
membrane of the oocyte. If you consider the loss of millions of sperm 
between entry into the vagina and degradation of the zona pellucida, you 
can understand why a low sperm count can cause male infertility. 


Sperm and the Process of Fertilization 


@) Hundreds of sperm 


@) Contact with the zona pellucida 
attracted to the corona 


triggers the acrosome reaction, 
causing sperm to secrete 
digestive enzymes that 
break down the glycoprotein 
membrane of the zona 
pellucida and help to 
expose the oocyte’s 
plasma membrane. 


radiata begin to break 
through the barrier of 
granulosa cells and 
approach the zona 
pellucida. 


Oocyte cytoplasm 


Plasma membrane 


Sperm receptors in 
plasma membrane 


©) A single sperm succeeds 
in burrowing through the 
corona radiata and zona pellucida Vi 
and making contact with the oocyte’ s f 
plasma membrane. The sperm’s — 
plasma membrane fuses with that of the 
oocyte and the sperm releases its nucleus 

into the cytoplasm of the oocyte. 


Zona pellucida 


Corona radiata 


Before fertilization, hundreds of capacitated sperm must 
break through the surrounding corona radiata and zona 
pellucida so that one can contact and fuse with the oocyte 
plasma membrane. 


When the first sperm fuses with the oocyte, the oocyte deploys two 
mechanisms to prevent polyspermy, which is penetration by more than one 
sperm. This is critical because if more than one sperm were to fertilize the 


oocyte, the resulting zygote would be a triploid organism with three sets of 
chromosomes. This is incompatible with life. 


The first mechanism is the fast block, which involves a near instantaneous 
change in sodium ion permeability upon binding of the first sperm, 
depolarizing the oocyte plasma membrane and preventing the fusion of 
additional sperm cells. The fast block sets in almost immediately and lasts 
for about a minute, during which time an influx of calcium ions following 
sperm penetration triggers the second mechanism, the slow block. In this 
process, referred to as the cortical reaction, cortical granules sitting 
immediately below the oocyte plasma membrane fuse with the membrane 
and release zonal inhibiting proteins and mucopolysaccharides into the 
space between the plasma membrane and the zona pellucida. Zonal 
inhibiting proteins cause the release of any other attached sperm and 
destroy the oocyte’s sperm receptors, thus preventing any more sperm from 
binding. The mucopolysaccharides then coat the nascent zygote in an 
impenetrable barrier that, together with hardened zona pellucida, is called a 
fertilization membrane. 


The Zygote 


Recall that at the point of fertilization, the oocyte has not yet completed 
meiosis; all secondary oocytes remain arrested in metaphase of meiosis II 
until fertilization. Only upon fertilization does the oocyte complete meiosis. 
The unneeded complement of genetic material that results is stored in a 
second polar body that is eventually ejected. At this moment, the oocyte has 
become an ovum, the female haploid gamete. The two haploid nuclei 
derived from the sperm and oocyte and contained within the egg are 
referred to as pronuclei. They decondense, expand, and replicate their DNA 
in preparation for mitosis. The pronuclei then migrate toward each other, 
their nuclear envelopes disintegrate, and the male- and female-derived 
genetic material intermingles. This step completes the process of 
fertilization and results in a single-celled diploid zygote with all the genetic 
instructions it needs to develop into a human. 


Most of the time, a woman releases a single egg during an ovulation cycle. 
However, in approximately 1 percent of ovulation cycles, two eggs are 


released and both are fertilized. Two zygotes form, implant, and develop, 
resulting in the birth of dizygotic (or fraternal) twins. Because dizygotic 
twins develop from two eggs fertilized by two sperm, they are no more 
identical than siblings born at different times. 


Much less commonly, a zygote can divide into two separate offspring 
during early development. This results in the birth of monozygotic (or 
identical) twins. Although the zygote can split as early as the two-cell stage, 
splitting occurs most commonly during the early blastocyst stage, with 
roughly 70-100 cells present. These two scenarios are distinct from each 
other, in that the twin embryos that separated at the two-cell stage will have 
individual placentas, whereas twin embryos that form from separation at the 
blastocyst stage will share a placenta and a chorionic cavity. 


Note: 

Everyday Connections 

In Vitro Fertilization 

IVF, which stands for in vitro fertilization, is an assisted reproductive 
technology. In vitro, which in Latin translates to “in glass,” refers to a 
procedure that takes place outside of the body. There are many different 
indications for IVF. For example, a woman may produce normal eggs, but 
the eggs cannot reach the uterus because the uterine tubes are blocked or 
otherwise compromised. A man may have a low sperm count, low sperm 
motility, sperm with an unusually high percentage of morphological 
abnormalities, or sperm that are incapable of penetrating the zona pellucida 
of an egg. 

A typical IVF procedure begins with egg collection. A normal ovulation 
cycle produces only one oocyte, but the number can be boosted 
significantly (to 10—20 oocytes) by administering a short course of 
gonadotropins. The course begins with follicle-stimulating hormone (FSH) 
analogs, which support the development of multiple follicles, and ends 
with a luteinizing hormone (LH) analog that triggers ovulation. Right 
before the ova would be released from the ovary, they are harvested using 
ultrasound-guided oocyte retrieval. In this procedure, ultrasound allows a 


physician to visualize mature follicles. The ova are aspirated (sucked out) 
using a syringe. 

In parallel, sperm are obtained from the male partner or from a sperm 
bank. The sperm are prepared by washing to remove seminal fluid because 
seminal fluid contains a peptide, FPP (or, fertilization promoting peptide), 
that—in high concentrations—prevents capacitation of the sperm. The 
sperm sample is also concentrated, to increase the sperm count per 
milliliter. 

Next, the eggs and sperm are mixed in a petri dish. The ideal ratio is 
75,000 sperm to one egg. If there are severe problems with the sperm—for 
example, the count is exceedingly low, or the sperm are completely 
nonmotile, or incapable of binding to or penetrating the zona pellucida—a 
sperm can be injected into an egg. This is called intracytoplasmic sperm 
injection (ICSI). 

The embryos are then incubated until they either reach the eight-cell stage 
or the blastocyst stage. In the United States, fertilized eggs are typically 
cultured to the blastocyst stage because this results in a higher pregnancy 
rate. Finally, the embryos are transferred to a woman’s uterus using a 
plastic catheter (tube). [link] illustrates the steps involved in IVF. 

IVF 


Eggs are collected F Sperm sample 


after ovulation or is collected and 
directly from the concentrated 
follicles. Sperm i by removing 
are collected and seminal fluid. 
concentrated. 


@) Both the collected 
egg(s) and the sperm 
sample are mixed ina 


petri dish, allowing 
fertilization to occur. 


The fertilized 

zygote is then 

removed from 

the petri dish for 

implantation. (| Fertilized 
4 zygote 


The zygote is then surgically 

implanted into the endometrium 

of the uterus. After successful 

implantation, the zygote should 

develop normally, as if it had been 

fertilized in the female’s oviducts. Wobanted zygote 
Endometrium 


In vitro fertilization involves egg collection 
from the ovaries, fertilization in a petri dish, 
and the transfer of embryos into the uterus. 


IVF is a relatively new and still evolving technology, and until recently it 
was necessary to transfer multiple embryos to achieve a good chance of a 
pregnancy. Today, however, transferred embryos are much more likely to 
implant successfully, so countries that regulate the [VF industry cap the 


number of embryos that can be transferred per cycle at two. This reduces 
the risk of multiple-birth pregnancies. 

The rate of success for IVF is correlated with a woman’s age. More than 40 
percent of women under 35 succeed in giving birth following IVF, but the 
rate drops to a little over 10 percent in women over 40. 


Note: 
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Go to this site to view resources covering various aspects of fertilization, 
including movies and animations showing sperm structure and motility, 
ovulation, and fertilization. 


Chapter Review 


Hundreds of millions of sperm deposited in the vagina travel toward the 
oocyte, but only a few hundred actually reach it. The number of sperm that 
reach the oocyte is greatly reduced because of conditions within the female 
reproductive tract. Many sperm are overcome by the acidity of the vagina, 
others are blocked by mucus in the cervix, whereas others are attacked by 
phagocytic leukocytes in the uterus. Those sperm that do survive undergo a 
change in response to those conditions. They go through the process of 
Capacitation, which improves their motility and alters the membrane 
surrounding the acrosome, the cap-like structure in the head of a sperm that 
contains the digestive enzymes needed for it to attach to and penetrate the 
oocyte. 


The oocyte that is released by ovulation is protected by a thick outer layer 
of granulosa cells known as the corona radiata and by the zona pellucida, a 


thick glycoprotein membrane that lies just outside the oocyte’s plasma 
membrane. When capacitated sperm make contact with the oocyte, they 
release the digestive enzymes in the acrosome (the acrosomal reaction) and 
are thus able to attach to the oocyte and burrow through to the oocyte’s 
zona pellucida. One of the sperm will then break through to the oocyte’s 
plasma membrane and release its haploid nucleus into the oocyte. The 
oocyte’s membrane structure changes in response (cortical reaction), 
preventing any further penetration by another sperm and forming a 
fertilization membrane. Fertilization is complete upon unification of the 
haploid nuclei of the two gametes, producing a diploid zygote. 


Review Questions 


Exercise: 


Problem: Sperm and ova are similar in terms of 


a. Size 

b. quantity produced per year 
c. chromosome number 

d. flagellar motility 


Solution: 


C 
Exercise: 


Problem: 


Although the male ejaculate contains hundreds of millions of sperm, 


a. most do not reach the oocyte 

b. most are destroyed by the alkaline environment of the uterus 
c. it takes millions to penetrate the outer layers of the oocyte 

d. most are destroyed by capacitation 


Solution: 


A 
Exercise: 


Problem: 
As sperm first reach the oocyte, they will contact the 


a. acrosome 
b. corona radiata 
c. sperm-binding receptors 
d. zona pellucida 


Solution: 


B 


Exercise: 


Problem:Fusion of pronuclei occurs during 


a. spermatogenesis 
b. ovulation 

c. fertilization 

d. capacitation 


Solution: 


G 
Exercise: 


Problem: 


Sperm must first complete to enable the fertilization of an 
oocyte. 


a. Capacitation 

b. the acrosomal reaction 
c. the cortical reaction 

d. the fast block 


Solution: 


A 


Critical Thinking Questions 


Exercise: 


Problem: 


Darcy and Raul are having difficulty conceiving a child. Darcy 
ovulates every 28 days, and Raul’s sperm count is normal. If we could 
observe Raul’s sperm about an hour after ejaculation, however, we’d 
see that they appear to be moving only sluggishly. When Raul’s sperm 
eventually encounter Darcy’s oocyte, they appear to be incapable of 
generating an adequate acrosomal reaction. Which process has 
probably gone wrong? 


Solution: 


The process of capacitation appears to be incomplete. Capacitation 
increases sperm motility and makes the sperm membrane more fragile. 
This enables it to release its digestive enzymes during the acrosomal 
reaction. When capacitation is inadequate, sperm cannot reach the 
oocyte membrane. 


Exercise: 


Problem: 


Sherrise is a sexually active college student. On Saturday night, she 
has unprotected sex with her boyfriend. On Tuesday morning, she 
experiences the twinge of mid-cycle pain that she typically feels when 
she is ovulating. This makes Sherrise extremely anxious that she might 
soon learn she is pregnant. Is Sherrise’s concern valid? Why or why 
not? 


Solution: 


Sherrise’s concern is valid. Sperm may be viable for up to 4 days; 
therefore, it is entirely possible that capacitated sperm are still residing 
in her uterine tubes and could fertilize the oocyte she has just ovulated. 


Glossary 


acrosome 
cap-like vesicle located at the anterior-most region of a sperm that is 
rich with lysosomal enzymes capable of digesting the protective layers 
surrounding the oocyte 


acrosomal reaction 
release of digestive enzymes by sperm that enables them to burrow 
through the corona radiata and penetrate the zona pellucida of an 
oocyte prior to fertilization 


Capacitation 
process that occurs in the female reproductive tract in which sperm are 
prepared for fertilization; leads to increased motility and changes in 
their outer membrane that improve their ability to release enzymes 
capable of digesting an oocyte’s outer layers 


corona radiata 
in an oocyte, a layer of granulosa cells that surrounds the oocyte and 
that must be penetrated by sperm before fertilization can occur 


cortical reaction 
following fertilization, the release of cortical granules from the 
oocyte’s plasma membrane into the zona pellucida creating a 
fertilization membrane that prevents any further attachment or 
penetration of sperm; part of the slow block to polyspermy 


fertilization 
unification of genetic material from male and female haploid gametes 


fertilization membrane 
impenetrable barrier that coats a nascent zygote; part of the slow block 
to polyspermy 


polyspermy 
penetration of an oocyte by more than one sperm 


zona pellucida 
thick, gel-like glycoprotein membrane that coats the oocyte and must 
be penetrated by sperm before fertilization can occur 


zygote 
fertilized egg; a diploid cell resulting from the fertilization of haploid 
gametes from the male and female lines 


Embryonic Development 
By the end of this section, you will be able to: 


e Distinguish the stages of embryonic development that occur before 
implantation 

e Describe the process of implantation 

e List and describe four embryonic membranes 

e Explain gastrulation 

e Describe how the placenta is formed and identify its functions 

e Explain how an embryo transforms from a flat disc of cells into a 
three-dimensional shape resembling a human 

e Summarize the process of organogenesis 


Throughout this chapter, we will express embryonic and fetal ages in terms 
of weeks from fertilization, commonly called conception. The period of 
time required for full development of a fetus in utero is referred to as 
gestation (gestare = “to carry” or “to bear’). It can be subdivided into 
distinct gestational periods. The first 2 weeks of prenatal development are 
referred to as the pre-embryonic stage. A developing human is referred to as 
an embryo during weeks 3-8, and a fetus from the ninth week of gestation 
until birth. In this section, we’ll cover the pre-embryonic and embryonic 
stages of development, which are characterized by cell division, migration, 
and differentiation. By the end of the embryonic period, all of the organ 
systems are structured in rudimentary form, although the organs themselves 
are either nonfunctional or only semi-functional. 


Implantation 


At the end of the first week, the blastocyst comes in contact with the uterine 
wall and adheres to it, embedding itself in the uterine lining via the 
trophoblast cells. Thus begins the process of implantation, which signals 
the end of the pre-embryonic stage of development ([link]). Implantation 
can be accompanied by minor bleeding. The blastocyst typically implants in 
the fundus of the uterus or on the posterior wall. However, if the 
endometrium is not fully developed and ready to receive the blastocyst, the 
blastocyst will detach and find a better spot. A significant percentage (S0— 
75 percent) of blastocysts fail to implant; when this occurs, the blastocyst is 


shed with the endometrium during menses. The high rate of implantation 
failure is one reason why pregnancy typically requires several ovulation 
cycles to achieve. 
Pre-Embryonic Development 

(5) 
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Ovulation, fertilization, pre-embryonic development, 
and implantation occur at specific locations within the 
female reproductive system in a time span of 
approximately 1 week. 


Implantation 


Endometrium Uterine cavity 


Uterine mucosa cells 


@) The blastocyst digests the uterine 
mucosa when it initially implants into 
the endometrium. 


@) Eventually, the endometrium 
grows over and surrounds the 
embryo, fully securing it to the 
uterine lining. 


ye 


6) Implanted embryo 


continues to grow within 
endometrium. (Depicted 
embryo is 7-8 weeks 


after conception.) 
Anterior view Lateral view 


Most common site of implantation 
(posterior uterine wall) 


During implantation, the trophoblast cells of the blastocyst 
adhere to the endometrium and digest endometrial cells 
until it is attached securely. 


Most of the time an embryo implants within the body of the uterus in a 
location that can support growth and development. However, in one to two 


percent of cases, the embryo implants either outside the uterus (an ectopic 
pregnancy) or in a region of uterus that can create complications for the 
pregnancy. If the embryo implants in the inferior portion of the uterus, the 
placenta can potentially grow over the opening of the cervix, a condition 
call placenta previa. 


Note: 

Disorders of the... 

Development of the Embryo 

In the vast majority of ectopic pregnancies, the embryo does not complete 
its journey to the uterus and implants in the uterine tube, referred to as a 
tubal pregnancy. However, there are also ovarian ectopic pregnancies (in 
which the egg never left the ovary) and abdominal ectopic pregnancies (in 
which an egg was “lost” to the abdominal cavity during the transfer from 
ovary to uterine tube, or in which an embryo from a tubal pregnancy re- 
implanted in the abdomen). Once in the abdominal cavity, an embryo can 
implant into any well-vascularized structure—the rectouterine cavity 
(Douglas’ pouch), the mesentery of the intestines, and the greater omentum 
are some common sites. 

Tubal pregnancies can be caused by scar tissue within the tube following a 
sexually transmitted bacterial infection. The scar tissue impedes the 
progress of the embryo into the uterus—in some cases “snagging” the 
embryo and, in other cases, blocking the tube completely. Approximately 
one half of tubal pregnancies resolve spontaneously. Implantation in a 
uterine tube causes bleeding, which appears to stimulate smooth muscle 
contractions and expulsion of the embryo. In the remaining cases, medical 
or surgical intervention is necessary. If an ectopic pregnancy is detected 
early, the embryo’s development can be arrested by the administration of 
the cytotoxic drug methotrexate, which inhibits the metabolism of folic 
acid. If diagnosis is late and the uterine tube is already ruptured, surgical 
repair is essential. 

Even if the embryo has successfully found its way to the uterus, it does not 
always implant in an optimal location (the fundus or the posterior wall of 
the uterus). Placenta previa can result if an embryo implants close to the 
internal os of the uterus (the internal opening of the cervix). As the fetus 


grows, the placenta can partially or completely cover the opening of the 
cervix ([link]). Although it occurs in only 0.5 percent of pregnancies, 
placenta previa is the leading cause of antepartum hemorrhage (profuse 
vaginal bleeding after week 24 of pregnancy but prior to childbirth). 
Placenta Previa 


Internal os 


Cervix is not Placenta is covering 
obstructed. cervix preventing a 
proper birth. 


Normal location of placenta Placenta previa 


An embryo that implants too close to the 
opening of the cervix can lead to placenta 
previa, a condition in which the placenta 
partially or completely covers the cervix. 


Development of the Placenta 


During the first several weeks of development, the cells of the endometrium 
—referred to as decidual cells—nourish the nascent embryo. During 
prenatal weeks 4—12, the developing placenta gradually takes over the role 
of feeding the embryo, and the decidual cells are no longer needed. The 
mature placenta is composed of tissues derived from the embryo, as well as 
maternal tissues of the endometrium. The placenta connects to the 
conceptus via the umbilical cord, which carries deoxygenated blood and 
wastes from the fetus through two umbilical arteries; nutrients and oxygen 
are carried from the mother to the fetus through the single umbilical vein. 
The umbilical cord is surrounded by the amnion, and the spaces within the 


cord around the blood vessels are filled with Wharton’s jelly, a mucous 
connective tissue. 


The maternal portion of the placenta develops from the deepest layer of the 
endometrium, the decidua basalis. To form the embryonic portion of the 
placenta, the syncytiotrophoblast and the underlying cells of the trophoblast 
(cytotrophoblast cells) begin to proliferate along with a layer of 
extraembryonic mesoderm cells. These form the chorionic membrane, 
which envelops the entire conceptus as the chorion. The chorionic 
membrane forms finger-like structures called chorionic villi that burrow 
into the endometrium like tree roots, making up the fetal portion of the 
placenta. The cytotrophoblast cells perforate the chorionic villi, burrow 
farther into the endometrium, and remodel maternal blood vessels to 
augment maternal blood flow surrounding the villi. Meanwhile, fetal 
mesenchymal cells derived from the mesoderm fill the villi and differentiate 
into blood vessels, including the three umbilical blood vessels that connect 
the embryo to the developing placenta ({link]). 

Cross-Section of the Placenta 


Maternal blood 
Uterine artery supply in 
Chorionic villi and vein intervillus space 


Placenta 
Yolk sack 


Amniotic fluid ~— 


Uterus 


Umbilical Placenta 
vein artery 


In the placenta, maternal and fetal blood components are 
conducted through the surface of the chorionic villi, but 
maternal and fetal bloodstreams never mix directly. 


The placenta develops throughout the embryonic period and during the first 
several weeks of the fetal period; placentation is complete by weeks 14— 
16. As a fully developed organ, the placenta provides nutrition and 
excretion, respiration, and endocrine function ([link] and [link]). It receives 
blood from the fetus through the umbilical arteries. Capillaries in the 
chorionic villi filter fetal wastes out of the blood and return clean, 
oxygenated blood to the fetus through the umbilical vein. Nutrients and 
oxygen are transferred from maternal blood surrounding the villi through 
the capillaries and into the fetal bloodstream. Some substances move across 
the placenta by simple diffusion. Oxygen, carbon dioxide, and any other 
lipid-soluble substances take this route. Other substances move across by 
facilitated diffusion. This includes water-soluble glucose. The fetus has a 
high demand for amino acids and iron, and those substances are moved 
across the placenta by active transport. 


Maternal and fetal blood does not commingle because blood cells cannot 
move across the placenta. This separation prevents the mother’s cytotoxic T 
cells from reaching and subsequently destroying the fetus, which bears 
“non-self” antigens. Further, it ensures the fetal red blood cells do not enter 
the mother’s circulation and trigger antibody development (if they carry 
“non-self” antigens)—at least until the final stages of pregnancy or birth. 
This is the reason that, even in the absence of preventive treatment, an Rh™ 
mother doesn’t develop antibodies that could cause hemolytic disease in her 
first Rh* fetus. 


Although blood cells are not exchanged, the chorionic villi provide ample 
surface area for the two-way exchange of substances between maternal and 
fetal blood. The rate of exchange increases throughout gestation as the villi 
become thinner and increasingly branched. The placenta is permeable to 
lipid-soluble fetotoxic substances: alcohol, nicotine, barbiturates, 
antibiotics, certain pathogens, and many other substances that can be 
dangerous or fatal to the developing embryo or fetus. For these reasons, 
pregnant women should avoid fetotoxic substances. Alcohol consumption 
by pregnant women, for example, can result in a range of abnormalities 
referred to as fetal alcohol spectrum disorders (FASD). These include organ 
and facial malformations, as well as cognitive and behavioral disorders. 


Functions of the Placenta 
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digestion 
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Respiration 


e Mediates 
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to-fetal 
oxygen 
transport 
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Endocrine function 


e Secretes several 


hormones, including 
hCG, estrogens, and 
progesterone, to 
maintain the 
pregnancy and 
stimulate maternal 
and fetal 
development 
Mediates the 
transmission of 
maternal hormones 
into fetal blood and 
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This post-expulsion placenta and 
umbilical cord (white) are viewed 
from the fetal side. 


Chapter Review 


The chorionic villi of the chorion extend into the endometrium to form the 
fetal portion of the placenta. The placenta supplies the growing embryo 
with oxygen and nutrients; it also removes carbon dioxide and other 
metabolic wastes. 


Interactive Link Questions 


Exercise: 
Problem: 
View this time-lapse movie of a conceptus starting at day 3. What is 


the first structure you see? At what point in the movie does the 
blastocoel first appear? What event occurs at the end of the movie? 


Solution: 


The first structure shown is the morula. The blastocoel appears at 
approximately 20 seconds. The movie ends with the hatching of the 
conceptus. 


Exercise: 


Problem: 


Use this interactive tool to view the process of embryogenesis from the 
perspective of the conceptus (left panel), as well as fetal development 
viewed from a maternal cross-section (right panel). Can you identify 
when neurulation occurs in the embryo? 


Solution: 


Neurulation starts in week 4. 


Review Questions 


Exercise: 


Problem:Cleavage produces daughter cells called 


a. trophoblasts 
b. blastocysts 
c. morulae 

d. blastomeres 


Solution: 
D 
Exercise: 
Problem:The conceptus, upon reaching the uterus, first 


a. implants 


b. divides 
c. disintegrates 
d. hatches 


Solution: 


B 
Exercise: 


Problem: 


The inner cell mass of the blastocyst is destined to become the 


a. embryo 

b. trophoblast 

c. chorionic villi 
d. placenta 


Solution: 


A 
Exercise: 
Problem: 


Which primary germ layer gave rise to the cells that eventually became 
the central nervous system? 


a. endoderm 
b. ectoderm 
c. acrosome 
d. mesoderm 


Solution: 


B 
Exercise: 


Problem: 


What would happen if the trophoblast did not secrete hCG upon 
implantation of the blastocyst? 


a. The cells would not continue to divide. 

b. The corpus luteum would continue to produce progesterone and 
estrogen. 

c. Menses would flush the blastocyst out of the uterus. 

d. The uterine mucosa would not envelop the blastocyst. 


Solution: 


C 


Exercise: 
Problem: During what process does the amnion envelop the embryo? 
a. embryonic folding 
b. gastrulation 
c. implantation 
d. organogenesis 
Solution: 
A 
Exercise: 
Problem: The placenta is formed from 


a. the embryo’s mesenchymal cells 
b. the mother’s endometrium only 


c. the mother’s endometrium and the embryo’s chorionic membrane 
d. the mother’s endometrium and the embryo’s umbilical cord 


Solution: 


C 


Critical Thinking Questions 


Exercise: 
Problem: 
Approximately 3 weeks after her last menstrual period, a sexually 


active woman experiences a brief episode of abdominopelvic cramping 
and minor bleeding. What might be the explanation? 


Solution: 

The timing of this discomfort and bleeding suggests that it is probably 

caused by implantation of the blastocyst into the uterine wall. 
Exercise: 

Problem: 

The Food and Nutrition Board of the Institute of Medicine 


recommends that all women who might become pregnant consume at 
least 400 pig/day of folate from supplements or fortified foods. Why? 


Solution: 


Folate, one of the B vitamins, is important for the healthy formation of 
the embryonic neural tube, which occurs in the first few weeks 
following conception—often before a woman even realizes she is 
pregnant. A folate-deficient environment increases the risk of a neural 
tube defect, such as spina bidifa, in the newborn. 


Glossary 


allantois 
finger-like outpocketing of yolk sac forms the primitive excretory duct 
of the embryo; precursor to the urinary bladder 


amnion 
transparent membranous sac that encloses the developing fetus and 
fills with amniotic fluid 


amniotic cavity 
cavity that opens up between the inner cell mass and the trophoblast; 
develops into amnion 


blastocoel 
fluid-filled cavity of the blastocyst 


blastocyst 
term for the conceptus at the developmental stage that consists of 
about 100 cells shaped into an inner cell mass that is fated to become 
the embryo and an outer trophoblast that is fated to become the 
associated fetal membranes and placenta 


blastomere 
daughter cell of a cleavage 


chorion 
membrane that develops from the syncytiotrophoblast, 
cytotrophoblast, and mesoderm; surrounds the embryo and forms the 
fetal portion of the placenta through the chorionic villi 


chorionic membrane 
precursor to the chorion; forms from extra-embryonic mesoderm cells 


chorionic villi 
projections of the chorionic membrane that burrow into the 
endometrium and develop into the placenta 


cleavage 
form of mitotic cell division in which the cell divides but the total 
volume remains unchanged; this process serves to produce smaller and 
smaller cells 


conceptus 
pre-implantation stage of a fertilized egg and its associated membranes 


ectoderm 
primary germ layer that develops into the central and peripheral 
nervous systems, sensory organs, epidermis, hair, and nails 


ectopic pregnancy 
implantation of an embryo outside of the uterus 


embryo 
developing human during weeks 3-8 


embryonic folding 
process by which an embryo develops from a flat disc of cells to a 
three-dimensional shape resembling a cylinder 


endoderm 
primary germ layer that goes on to form the gastrointestinal tract, liver, 
pancreas, and lungs 


epiblast 
upper layer of cells of the embryonic disc that forms from the inner 
cell mass; gives rise to all three germ layers 


fetus 
developing human during the time from the end of the embryonic 
period (week 9) to birth 


gastrulation 
process of cell migration and differentiation into three primary germ 
layers following cleavage and implantation 


gestation 
in human development, the period required for embryonic and fetal 
development in utero; pregnancy 


human chorionic gonadotropin (hCG) 
hormone that directs the corpus luteum to survive, enlarge, and 
continue producing progesterone and estrogen to suppress menses and 
secure an environment suitable for the developing embryo 


hypoblast 
lower layer of cells of the embryonic disc that extend into the 
blastocoel to form the yolk sac 


implantation 
process by which a blastocyst embeds itself in the uterine 
endometrium 


inner cell mass 
cluster of cells within the blastocyst that is fated to become the embryo 


mesoderm 
primary germ layer that becomes the skeleton, muscles, connective 
tissue, heart, blood vessels, and kidneys 


morula 
tightly packed sphere of blastomeres that has reached the uterus but 
has not yet implanted itself 


neural plate 
thickened layer of neuroepithelium that runs longitudinally along the 
dorsal surface of an embryo and gives rise to nervous system tissue 


neural fold 
elevated edge of the neural groove 


neural tube 
precursor to structures of the central nervous system, formed by the 
invagination and separation of neuroepithelium 


neurulation 
embryonic process that establishes the central nervous system 


notochord 
rod-shaped, mesoderm-derived structure that provides support for 
growing fetus 


organogenesis 
development of the rudimentary structures of all of an embryo’s organs 
from the germ layers 


placenta 
organ that forms during pregnancy to nourish the developing fetus; 
also regulates waste and gas exchange between mother and fetus 


placenta previa 
low placement of fetus within uterus causes placenta to partially or 
completely cover the opening of the cervix as it grows 


placentation 
formation of the placenta; complete by weeks 14—16 of pregnancy 


primitive streak 
indentation along the dorsal surface of the epiblast through which cells 
migrate to form the endoderm and mesoderm during gastrulation 


somite 
one of the paired, repeating blocks of tissue located on either side of 
the notochord in the early embryo 


syncytiotrophoblast 
superficial cells of the trophoblast that fuse to form a multinucleated 
body that digests endometrial cells to firmly secure the blastocyst to 
the uterine wall 


trophoblast 
fluid-filled shell of squamous cells destined to become the chorionic 
villi, placenta, and associated fetal membranes 


umbilical cord 
connection between the developing conceptus and the placenta; carries 
deoxygenated blood and wastes from the fetus and returns nutrients 
and oxygen from the mother 


yolk sac 
membrane associated with primitive circulation to the developing 
embryo; source of the first blood cells and germ cells and contributes 
to the umbilical cord structure 


Fetal Development 
By the end of this section, you will be able to: 


e Differentiate between the embryonic period and the fetal period 

e Briefly describe the process of sexual differentiation 

e Describe the fetal circulatory system and explain the role of the shunts 

e Trace the development of a fetus from the end of the embryonic period 
to birth 


As you will recall, a developing human is called a fetus from the ninth week 
of gestation until birth. This 30-week period of development is marked by 
continued cell growth and differentiation, which fully develop the structures 
and functions of the immature organ systems formed during the embryonic 
period. The completion of fetal development results in a newborn who, 
although still immature in many ways, is capable of survival outside the 
womb. 


Other Organ Systems 


During weeks 9-12 of fetal development, the brain continues to expand, the 
body elongates, and ossification continues. Fetal movements are frequent 
during this period, but are jerky and not well-controlled. The bone marrow 
begins to take over the process of erythrocyte production—a task that the 
liver performed during the embryonic period. The liver now secretes bile. 
The fetus circulates amniotic fluid by swallowing it and producing urine. 
The eyes are well-developed by this stage, but the eyelids are fused shut. 
The fingers and toes begin to develop nails. By the end of week 12, the 
fetus measures approximately 9 cm (3.5 in) from crown to rump. 


Weeks 13-16 are marked by sensory organ development. The eyes move 
closer together; blinking motions begin, although the eyes remain sealed 
shut. The lips exhibit sucking motions. The ears move upward and lie flatter 
against the head. The scalp begins to grow hair. The excretory system is 
also developing: the kidneys are well-formed, and meconium, or fetal 
feces, begins to accumulate in the intestines. Meconium consists of ingested 
amniotic fluid, cellular debris, mucus, and bile. 


During approximately weeks 16—20, as the fetus grows and limb 
movements become more powerful, the mother may begin to feel 
quickening, or fetal movements. However, space restrictions limit these 
movements and typically force the growing fetus into the “fetal position,” 
with the arms crossed and the legs bent at the knees. Sebaceous glands coat 
the skin with a waxy, protective substance called vernix caseosa that 
protects and moisturizes the skin and may provide lubrication during 
childbirth. A silky hair called lanugo also covers the skin during weeks 17— 
20, but it is shed as the fetus continues to grow. Extremely premature 
infants sometimes exhibit residual lanugo. 


Developmental weeks 21-30 are characterized by rapid weight gain, which 
is important for maintaining a stable body temperature after birth. The bone 
marrow completely takes over erythrocyte synthesis, and the axons of the 
spinal cord begin to be myelinated, or coated in the electrically insulating 
glial cell sheaths that are necessary for efficient nervous system 
functioning. (The process of myelination is not completed until 
adolescence.) During this period, the fetus grows eyelashes. The eyelids are 
no longer fused and can be opened and closed. The lungs begin producing 
surfactant, a substance that reduces surface tension in the lungs and assists 
proper lung expansion after birth. Inadequate surfactant production in 
premature newborns may result in respiratory distress syndrome, and as a 
result, the newborn may require surfactant replacement therapy, 
supplemental oxygen, or maintenance in a continuous positive airway 
pressure (CPAP) chamber during their first days or weeks of life. In male 
fetuses, the testes descend into the scrotum near the end of this period. The 
fetus at 30 weeks measures 28 cm (11 in) from crown to rump and exhibits 
the approximate body proportions of a full-term newborn, but still is much 
leaner. 


Note: 
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Visit this site for a summary of the stages of pregnancy, as experienced by 
the mother, and view the stages of development of the fetus throughout 
gestation. At what point in fetal development can a regular heartbeat be 
detected? 


The fetus continues to lay down subcutaneous fat from week 31 until birth. 
The added fat fills out the hypodermis, and the skin transitions from red and 
wrinkled to soft and pink. Lanugo is shed, and the nails grow to the tips of 
the fingers and toes. Immediately before birth, the average crown-to-rump 
length is 35.5—40.5 cm (14-16 in), and the fetus weighs approximately 2.5— 
4 kg (5.5-8.8 lbs). Once born, the newborn is no longer confined to the fetal 
position, so subsequent measurements are made from head-to-toe instead of 
from crown-to-rump. At birth, the average length is approximately 51 cm 
(20 in). 


Note: 

Disorders of the... 

Developing Fetus 

Throughout the second half of gestation, the fetal intestines accumulate a 
tarry, greenish black meconium. The newborn’s first stools consist almost 
entirely of meconium; they later transition to seedy yellow stools or 
slightly formed tan stools as meconium is cleared and replaced with 
digested breast milk or formula, respectively. Unlike these later stools, 
meconium is sterile; it is devoid of bacteria because the fetus is in a sterile 
environment and has not consumed any breast milk or formula. Typically, 
an infant does not pass meconium until after birth. However, in 5—20 
percent of births, the fetus has a bowel movement in utero, which can 
cause major complications in the newborn. 


The passage of meconium in the uterus signals fetal distress, particularly 
fetal hypoxia (i.e., oxygen deprivation). This may be caused by maternal 
drug abuse (especially tobacco or cocaine), maternal hypertension, 
depletion of amniotic fluid, long labor or difficult birth, or a defect in the 
placenta that prevents it from delivering adequate oxygen to the fetus. 
Meconium passage is typically a complication of full-term or post-term 
newborns because it is rarely passed before 34 weeks of gestation, when 
the gastrointestinal system has matured and is appropriately controlled by 
nervous system stimuli. Fetal distress can stimulate the vagus nerve to 
trigger gastrointestinal peristalsis and relaxation of the anal sphincter. 
Notably, fetal hypoxic stress also induces a gasping reflex, increasing the 
likelihood that meconium will be inhaled into the fetal lungs. 

Although meconium is a sterile substance, it interferes with the antibiotic 
properties of the amniotic fluid and makes the newborn and mother more 
vulnerable to bacterial infections at birth and during the perinatal period. 
Specifically, inflammation of the fetal membranes, inflammation of the 
uterine lining, or neonatal sepsis (infection in the newborn) may occur. 
Meconium also irritates delicate fetal skin and can cause a rash. 

The first sign that a fetus has passed meconium usually does not come until 
childbirth, when the amniotic sac ruptures. Normal amniotic fluid is clear 
and watery, but amniotic fluid in which meconium has been passed is 
Stained greenish or yellowish. Antibiotics given to the mother may reduce 
the incidence of maternal bacterial infections, but it is critical that 
meconium is aspirated from the newborn before the first breath. Under 
these conditions, an obstetrician will extensively aspirate the infant’s 
airways as soon as the head is delivered, while the rest of the infant’s body 
is still inside the birth canal. 

Aspiration of meconium with the first breath can result in labored 
breathing, a barrel-shaped chest, or a low Apgar score. An obstetrician can 
identify meconium aspiration by listening to the lungs with a stethoscope 
for a coarse rattling sound. Blood gas tests and chest X-rays of the infant 
can confirm meconium aspiration. Inhaled meconium after birth could 
obstruct a newborn’s airways leading to alveolar collapse, interfere with 
surfactant function by stripping it from the lungs, or cause pulmonary 
inflammation or hypertension. Any of these complications will make the 
newborn much more vulnerable to pulmonary infection, including 
pneumonia. 


Chapter Review 


The fetal period lasts from the ninth week of development until birth. The 
brain continues to grow and its structures differentiate. Facial features 
develop, the body elongates, and the skeleton ossifies. In the womb, the 
developing fetus moves, blinks, practices sucking, and circulates amniotic 
fluid. The fetus grows from an embryo measuring approximately 3.3 cm 
(1.3 in) and weighing 7 g (0.25 oz) to an infant measuring approximately 51 
cm (20 in) and weighing an average of approximately 3.4 kg (7.5 lbs). 
Embryonic organ structures that were primitive and nonfunctional develop 
to the point that the newborn can survive in the outside world. 


Interactive Link Questions 


Exercise: 


Problem: 
Visit this site for a summary of the stages of pregnancy, as experienced 
by the mother, and view the stages of development of the fetus 


throughout gestation. At what point in fetal development can a regular 
heartbeat be detected? 


Solution: 


A regular heartbeat can be detected at approximately 8 weeks. 


Review Questions 


Exercise: 


Problem:During weeks 9—12 of fetal development, 


a. bone marrow begins to assume erythrocyte production 
b. meconium begins to accumulate in the intestines 

c. surfactant production begins in the fetal lungs 

d. the spinal cord begins to be myelinated 


Solution: 


A 


Glossary 


ductus arteriosus 
shunt in the pulmonary trunk that diverts oxygenated blood back to the 
aorta 


ductus venosus 
shunt that causes oxygenated blood to bypass the fetal liver on its way 
to the inferior vena cava 


foramen ovale 
shunt that directly connects the right and left atria and helps divert 
oxygenated blood from the fetal pulmonary circuit 


lanugo 
silk-like hairs that coat the fetus; shed later in fetal development 


meconium 
fetal wastes consisting of ingested amniotic fluid, cellular debris, 
mucus, and bile 


quickening 
fetal movements that are strong enough to be felt by the mother 


shunt 
circulatory shortcut that diverts the flow of blood from one region to 
another 


vernix caseosa 
waxy, Cheese-like substance that protects the delicate fetal skin until 
birth 


Maternal Changes during Pregancy, Labor, and Birth 
By the end of this section, you will be able to: 


e Explain how estrogen, progesterone, and hCG are involved in 
maintaining pregnancy 

e List the contributors to weight gain during pregnancy 

e Describe the major changes to the maternal digestive, circulatory, and 
integumentary systems during pregnancy 

e Summarize the events leading to labor 

e Identify and describe each of the three stages of childbirth 


A full-term pregnancy lasts approximately 270 days (approximately 38.5 
weeks) from conception to birth. Because it is easier to remember the first 
day of the last menstrual period (LMP) than to estimate the date of 
conception, obstetricians set the due date as 284 days (approximately 40.5 
weeks) from the LMP. This assumes that conception occurred on day 14 of 
the woman’s cycle, which is usually a good approximation. The 40 weeks 
of an average pregnancy are usually discussed in terms of three trimesters, 
each approximately 13 weeks. During the second and third trimesters, the 
pre-pregnancy uterus—about the size of a fist—grows dramatically to 
contain the fetus, causing a number of anatomical changes in the mother 
({link]). 

Size of Uterus throughout Pregnancy 


End of 
3rd trimester | 


End of 
2nd trimester 


End of 
1st trimester 


The uterus grows throughout 
pregnancy to accommodate the 
fetus. 


Stages of Childbirth 


The process of childbirth can be divided into three stages: cervical dilation, 
expulsion of the newborn, and afterbirth ({link]). 


Cervical Dilation 


For vaginal birth to occur, the cervix must dilate fully to 10 cm in diameter 
—wide enough to deliver the newborn’s head. The dilation stage is the 
longest stage of labor and typically takes 6—12 hours. However, it varies 
widely and may take minutes, hours, or days, depending in part on whether 


the mother has given birth before; in each subsequent labor, this stage tends 
to be shorter. 
Stages of Childbirth 


Stage 1: 
Dilation 


Amniotic fluid 
within uterus 


Cervix 


Vagina 


Undilated cervix Fully dilated cervix 
(>10 cm in diameter) 


Stage 2: re Presentanoit of head @) Rotation and delivery 
Birth of anterior shoulder 


@® Delivery of posterior shoulder @ Delivery of lower body 
ena and ees cord 


Stage 3: 
Afterbirth 
delivery 


Placenta detaches 
and exits through 
vagina 


The stages of childbirth include Stage 1, early 
cervical dilation; Stage 2, full dilation and 
expulsion of the newborn; and Stage 3, 
delivery of the placenta and associated fetal 


membranes. (The position of the newborn’s 
shoulder is described relative to the mother.) 


True labor progresses in a positive feedback loop in which uterine 
contractions stretch the cervix, causing it to dilate and efface, or become 
thinner. Cervical stretching induces reflexive uterine contractions that dilate 
and efface the cervix further. In addition, cervical dilation boosts oxytocin 
secretion from the pituitary, which in turn triggers more powerful uterine 
contractions. When labor begins, uterine contractions may occur only every 
3-30 minutes and last only 20—40 seconds; however, by the end of this 
stage, contractions may occur as frequently as every 1.5—2 minutes and last 
for a full minute. 


Each contraction sharply reduces oxygenated blood flow to the fetus. For 
this reason, it is critical that a period of relaxation occur after each 
contraction. Fetal distress, measured as a sustained decrease or increase in 
the fetal heart rate, can result from severe contractions that are too powerful 
or lengthy for oxygenated blood to be restored to the fetus. Such a situation 
can be cause for an emergency birth with vacuum, forceps, or surgically by 
Caesarian section. 


The amniotic membranes rupture before the onset of labor in about 12 
percent of women; they typically rupture at the end of the dilation stage in 
response to excessive pressure from the fetal head entering the birth canal. 


Expulsion Stage 


The expulsion stage begins when the fetal head enters the birth canal and 
ends with birth of the newborn. It typically takes up to 2 hours, but it can 
last longer or be completed in minutes, depending in part on the orientation 
of the fetus. The vertex presentation known as the occiput anterior vertex is 
the most common presentation and is associated with the greatest ease of 
vaginal birth. The fetus faces the maternal spinal cord and the smallest part 


of the head (the posterior aspect called the occiput) exits the birth canal 
first. 


In fewer than 5 percent of births, the infant is oriented in the breech 
presentation, or buttocks down. In a complete breech, both legs are crossed 
and oriented downward. In a frank breech presentation, the legs are oriented 
upward. Before the 1960s, it was common for breech presentations to be 
delivered vaginally. Today, most breech births are accomplished by 
Caesarian section. 


Vaginal birth is associated with significant stretching of the vaginal canal, 
the cervix, and the perineum. Until recent decades, it was routine procedure 
for an obstetrician to numb the perineum and perform an episiotomy, an 
incision in the posterior vaginal wall and perineum. The perineum is now 
more commonly allowed to tear on its own during birth. Both an episiotomy 
and a perineal tear need to be sutured shortly after birth to ensure optimal 
healing. Although suturing the jagged edges of a perineal tear may be more 
difficult than suturing an episiotomy, tears heal more quickly, are less 
painful, and are associated with less damage to the muscles around the 
vagina and rectum. 


Upon birth of the newborn’s head, an obstetrician will aspirate mucus from 
the mouth and nose before the newborn’s first breath. Once the head is 
birthed, the rest of the body usually follows quickly. The umbilical cord is 
then double-clamped, and a cut is made between the clamps. This 
completes the second stage of childbirth. 


Afterbirth 


The delivery of the placenta and associated membranes, commonly referred 
to as the afterbirth, marks the final stage of childbirth. After expulsion of 
the newborn, the myometrium continues to contract. This movement shears 
the placenta from the back of the uterine wall. It is then easily delivered 
through the vagina. Continued uterine contractions then reduce blood loss 
from the site of the placenta. Delivery of the placenta marks the beginning 
of the postpartum period—the period of approximately 6 weeks 


immediately following childbirth during which the mother’s body gradually 
returns to a non-pregnant state. If the placenta does not birth spontaneously 
within approximately 30 minutes, it is considered retained, and the 
obstetrician may attempt manual removal. If this is not successful, surgery 
may be required. 


It is important that the obstetrician examines the expelled placenta and fetal 
membranes to ensure that they are intact. If fragments of the placenta 
remain in the uterus, they can cause postpartum hemorrhage. Uterine 
contractions continue for several hours after birth to return the uterus to its 
pre-pregnancy size in a process called involution, which also allows the 
mother’s abdominal organs to return to their pre-pregnancy locations. 
Breastfeeding facilitates this process. 


Although postpartum uterine contractions limit blood loss from the 
detachment of the placenta, the mother does experience a postpartum 
vaginal discharge called lochia. This is made up of uterine lining cells, 
erythrocytes, leukocytes, and other debris. Thick, dark, lochia rubra (red 
lochia) typically continues for 2—3 days, and is replaced by lochia serosa, a 
thinner, pinkish form that continues until about the tenth postpartum day. 
After this period, a scant, creamy, or watery discharge called lochia alba 
(white lochia) may continue for another 1—2 weeks. 


Chapter Review 
Toward the late stages of pregnancy, a drop in progesterone and stretching 
forces from the fetus lead to increasing uterine irritability and prompt labor. 


Contractions serve to dilate the cervix and expel the newborn. Delivery of 
the placenta and associated fetal membranes follows. 


Review Questions 


Exercise: 


Problem: 


Which of these fetal presentations is the easiest for vaginal birth? 


a. complete breech 

b. vertex occiput anterior 
c. frank breech 

d. vertex occiput posterior 


Solution: 


B 


Glossary 


afterbirth 
third stage of childbirth in which the placenta and associated fetal 
membranes are expelled 


Braxton Hicks contractions 
weak and irregular peristaltic contractions that can occur in the second 
and third trimesters; they do not indicate that childbirth is imminent 


dilation 
first stage of childbirth, involving an increase in cervical diameter 


episiotomy 
incision made in the posterior vaginal wall and perineum that 
facilitates vaginal birth 


expulsion 
second stage of childbirth, during which the mother bears down with 
contractions; this stage ends in birth 


involution 
postpartum shrinkage of the uterus back to its pre-pregnancy volume 


lightening 
descent of the fetus lower into the pelvis in late pregnancy; also called 
“dropping” 


lochia 
postpartum vaginal discharge that begins as blood and ends as a 
whitish discharge; the end of lochia signals that the site of placental 
attachment has healed 


parturition 
childbirth 


trimester 
division of the duration of a pregnancy into three 3-month terms 


true labor 
regular contractions that immediately precede childbirth; they do not 
abate with hydration or rest, and they become more frequent and 
powerful with time 


Lactation 
By the end of this section, you will be able to: 


e Describe the structure of the lactating breast 

e Summarize the process of lactation 

e Explain how the composition of breast milk changes during the first 
days of lactation and in the course of a single feeding 


Lactation is the process by which milk is synthesized and secreted from the 
mammary glands of the postpartum female breast in response to an infant 
sucking at the nipple. Breast milk provides ideal nutrition and passive 
immunity for the infant, encourages mild uterine contractions to return the 
uterus to its pre-pregnancy size (i.e., involution), and induces a substantial 
metabolic increase in the mother, consuming the fat reserves stored during 
pregnancy. 


Structure of the Lactating Breast 


Mammary glands are modified sweat glands. The non-pregnant and non- 
lactating female breast is composed primarily of adipose and collagenous 
tissue, with mammary glands making up a very minor proportion of breast 
volume. The mammary gland is composed of milk-transporting lactiferous 
ducts, which expand and branch extensively during pregnancy in response 
to estrogen, growth hormone, cortisol, and prolactin. Moreover, in response 
to progesterone, clusters of breast alveoli bud from the ducts and expand 
outward toward the chest wall. Breast alveoli are balloon-like structures 
lined with milk-secreting cuboidal cells, or lactocytes, that are surrounded 
by a net of contractile myoepithelial cells. Milk is secreted from the 
lactocytes, fills the alveoli, and is squeezed into the ducts. Clusters of 
alveoli that drain to a common duct are called lobules; the lactating female 
has 12-20 lobules organized radially around the nipple. Milk drains from 
lactiferous ducts into lactiferous sinuses that meet at 4 to 18 perforations in 
the nipple, called nipple pores. The small bumps of the areola (the darkened 
skin around the nipple) are called Montgomery glands. They secrete oil to 
cleanse the nipple opening and prevent chapping and cracking of the nipple 
during breastfeeding. 


Changes in the Composition of Breast Milk 


In the final weeks of pregnancy, the alveoli swell with colostrum, a thick, 
yellowish substance that is high in protein but contains less fat and glucose 
than mature breast milk ((link]). Before childbirth, some women experience 
leakage of colostrum from the nipples. In contrast, mature breast milk does 
not leak during pregnancy and is not secreted until several days after 
childbirth. 


Compositions of Human Colostrum, Mature Breast Milk, and 
Cow’s Milk (g/L) 


Human Human Cow’s 

colostrum breast milk milk* 
Total protein 23 11 31 
Immunoglobulins 19 0.1 1 
Fat 30 45 38 
Lactose o7 71 47 
Calcium 0.5 0.3 1.4 
Phosphorus 0.16 0.14 0.90 
Sodium 0.50 0.15 0.41 


*Cow’s milk should never be given to an infant. Its composition is not 
suitable and its proteins are difficult for the infant to digest. 


Colostrum is secreted during the first 48-72 hours postpartum. Only a small 
volume of colostrum is produced—approximately 3 ounces in a 24-hour 
period—but it is sufficient for the newborn in the first few days of life. 
Colostrum is rich with immunoglobulins, which confer gastrointestinal, and 
also likely systemic, immunity as the newborn adjusts to a nonsterile 
environment. 


After about the third postpartum day, the mother secretes transitional milk 
that represents an intermediate between mature milk and colostrum. This is 
followed by mature milk from approximately postpartum day 10 (see 
[link]). As you can see in the accompanying table, cow’s milk is not a 
substitute for breast milk. It contains less lactose, less fat, and more protein 
and minerals. Moreover, the proteins in cow’s milk are difficult for an 
infant’s immature digestive system to metabolize and absorb. 


The first few weeks of breastfeeding may involve leakage, soreness, and 
periods of milk engorgement as the relationship between milk supply and 
infant demand becomes established. Once this period is complete, the 
mother will produce approximately 1.5 liters of milk per day for a single 
infant, and more if she has twins or triplets. As the infant goes through 
growth spurts, the milk supply constantly adjusts to accommodate changes 
in demand. A woman can continue to lactate for years, but once 
breastfeeding is stopped for approximately 1 week, any remaining milk will 
be reabsorbed; in most cases, no more will be produced, even if suckling or 
pumping is resumed. 


Mature milk changes from the beginning to the end of a feeding. The early 
milk, called foremilk, is watery, translucent, and rich in lactose and protein. 
Its purpose is to quench the infant’s thirst. Hindmilk is delivered toward the 
end of a feeding. It is opaque, creamy, and rich in fat, and serves to satisfy 
the infant’s appetite. 


During the first days of a newborn’s life, it is important for meconium to be 
cleared from the intestines and for bilirubin to be kept low in the 
circulation. Recall that bilirubin, a product of erythrocyte breakdown, is 
processed by the liver and secreted in bile. It enters the gastrointestinal tract 
and exits the body in the stool. Breast milk has laxative properties that help 
expel meconium from the intestines and clear bilirubin through the 


excretion of bile. A high concentration of bilirubin in the blood causes 
jaundice. Some degree of jaundice is normal in newborns, but a high level 
of bilirubin—which is neurotoxic—can cause brain damage. Newborns, 
who do not yet have a fully functional blood-brain barrier, are highly 
vulnerable to the bilirubin circulating in the blood. Indeed, 
hyperbilirubinemia, a high level of circulating bilirubin, is the most 
common condition requiring medical attention in newborns. Newborns with 
hyperbilirubinemia are treated with phototherapy because UV light helps to 
break down the bilirubin quickly. 


Chapter Review 


The lactating mother supplies all the hydration and nutrients that a growing 
infant needs for the first 4-6 months of life. During pregnancy, the body 
prepares for lactation by stimulating the growth and development of 
branching lactiferous ducts and alveoli lined with milk-secreting lactocytes, 
and by creating colostrum. These functions are attributable to the actions of 
several hormones, including prolactin. Following childbirth, suckling 
triggers oxytocin release, which stimulates myoepithelial cells to squeeze 
milk from alveoli. Breast milk then drains toward the nipple pores to be 
consumed by the infant. Colostrum, the milk produced in the first 
postpartum days, provides immunoglobulins that increase the newborn’s 
immune defenses. Colostrum, transitional milk, and mature breast milk are 
ideally suited to each stage of the newborn’s development, and 
breastfeeding helps the newborn’s digestive system expel meconium and 
clear bilirubin. Mature milk changes from the beginning to the end of a 
feeding. Foremilk quenches the infant’s thirst, whereas hindmilk satisfies 
the infant’s appetite. 


Review Questions 


Exercise: 


Problem: 


Alveoli are connected to the lactiferous sinuses by 


a. lactocytes 

b. lactiferous ducts 
c. nipple pores 

d. lobules 


Solution: 


B 


Exercise: 


Problem: How is colostrum most important to a newborm? 


a. It helps boost the newborn’s immune system. 
b. It provides much needed fat. 

c. It satisfies the newborn’s thirst. 

d. It satisfies the infant’s appetite. 


Solution: 


A 


Exercise: 


Problem: Mature breast milk 


a. has more sodium than cow’s milk 

b. has more calcium than cow’s milk 
c. has more protein than cow’s milk 

d. has more fat than cow’s milk 


Solution: 


D 


Critical Thinking Questions 


Exercise: 


Problem: 
Describe the transit of breast milk from lactocytes to nipple pores. 
Solution: 


Milk is secreted by lactocytes into alveoli. Suckling stimulates the 
contraction of myoepithelial cells that squeeze milk into lactiferous 
ducts. It then collects in lactiferous sinuses and is secreted through the 
nipple pores. 


Exercise: 


Problem: 


A woman who stopped breastfeeding suddenly is experiencing breast 
engorgement and leakage, just like she did in the first few weeks of 
breastfeeding. Why? 


Solution: 


It takes time to establish a balance between milk supply and milk 
demand. When breastfeeding stops abruptly, it takes time for the 
supply to fall. Excessive milk supply creates breast engorgement and 
leakage. 


Glossary 


colostrum 
thick, yellowish substance secreted from a mother’s breasts in the first 
postpartum days; rich in immunoglobulins 


foremilk 
watery, translucent breast milk that is secreted first during a feeding 
and is rich in lactose and protein; quenches the infant’s thirst 


hindmilk 
opaque, creamy breast milk delivered toward the end of a feeding; rich 
in fat; satisfies the infant’s appetite 


lactation 
process by which milk is synthesized and secreted from the mammary 
glands of the postpartum female breast in response to sucking at the 
nipple 


let-down reflex 
release of milk from the alveoli triggered by infant suckling 


prolactin 
pituitary hormone that establishes and maintains the supply of breast 
milk; also important for the mobilization of maternal micronutrients 
for breast milk 


